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jjSn 

A^aIIa 


(jjzj IjLa m 1 

4jIj ^j^jjaII 1 U^saj ,4_^_a^31 4j\aC- 1.1^. 4_rjjj-Ja SLI (_^1 ^Vu^n 

(C, Pascal, C++, C#, Java, ...etc) l0^a31 aJIc- 4_*L 4jj£j 3! ^^^ajJI (j-^1 ^+j+ C5+^ UJ ^ 

(J0Jj-ha 31 4 *>ai+'^ 4 _*Aj 4jjj£!a 4j,Ua nil CjIajIx.MI oAA (jj£j . (Ji3 q a ,Ua nil 4_hla CjLajIaj 4-C.ja-na ^Jl 

.^,ja Vi 4 jl1 ^1 ,( 0 , 1 ) (jl-l^jj ^Iflj^al 4jl3 Ja 4jjIjj 4Jl 1 Cjjl^ $.1 ^ja 

‘^Jtlll Jiill ^-3 \~1A*1 ^1 (J^.1 ^a 31 ^JA 4-C.jJA^Al 0 -qLj^j (JjjuaJ 4 j1a£. ^)AJ 



Ljil a 0AjJa^ ^<aj) x*V jj^^a ^IjiVLoL 0-gIj^j (4j^kA^i31 (j^ajj>*Vill ^1^ ^-va^II (_j-ai31 4 jIj^ (j0V 

0-alj^lj LJi3jJ ^j31 4 a^j 31 (j^ajj-alSl aAA . (VilaLill (_ja 4£0a^a 0AjJa ^1 -l^.lj 

.(Source Program) 

cjliLJl Jajj l^ja (Linking) £jaV$ (Compilation) v^jj <k>Aj ttiSi jaIjjJI 

4JlAj 4jji<a 11 4j.Ua nil CjIaj1aj31 4£0a^a ^J1 I^ja'vjjj qs^xa 11 \ x^-aar. 11 Jl^.1^31 (J0.U«*ia11 ^laIj^AI ^Ac. 4jjL^J1 

. (_0j.xj.ia 11 4-jJaa^JA 
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i_iL JfLi .(Destination Program) ojc.^ iajlill ^.Vion'l cjLuLuJI (J£2ij 

.(Jjiulall ^Uaj ^ic- SjjlViA (Jjx^nll (JjlS (_£Aiajj 

^-at^ill ^3 c-Da'vl q£* 4_a^.Ij 4-A2k^l]| g.Ua~vl g.Ua~vl ^-Ia^aIIj 4■a-vjaII 

gA& (_£3jj \p^ CjIaIaII Jajj ^3 g.U-i~vl q£* 4_a^.Ij g-U-vvl j\ ^(_0Aj-a-dl 

0-alj^j" Ailjll ^ak^i-oll (JjxjAj S^lc-1 (Jj3 4^c_a^±a 1I (j£^J C5^' ^^T^pll 4_iLaC. LJ23jJ g.U*vvV) 

^Ua^Vl c> JU. "UiA* 

IA^.Ij jL ( J)\a,Ti ^^j^jojL^. 0^1^^ atiSjC. (_£Alijj ^2^1 a1I $.Uj 4j\^C- u' ^1 SjLujVI ^)A^j 

.^l-o^iaII a W~Uj.)J (_^-lll (_^1 x*ia 1I 4_illc. 4_jjAi-a-<ill 4_^_^)ill 4 Jl1 ~) 


l $± 3! C++ 4_*J Windows ^Uaj ^^ic- Ja*j (_£a 3I C++ 4_*J t ah^j cjliidl JjUuj <^1*3 

(jf~ ^KTi UjI ^C^)11j t^jjiillaJI ^jjjIa ^3 ^Jlli^A AjJuijj (JjJuAj CjUuIxj Ail jj Sjjj_Jal j^laj cLlnilX ^»Uaj ^£- 


^Lo^jIaII jlj Pascal 4_*J ^jc- C++ 4_*J ^jia t ah^j ‘ op * ^ *C++ 4_*ill 

.^jjjaliLxi Q\~\\y j *j i o-p*^ fyyu l^V )>5aj cWindows ^U»j ^^lc- 




• A. A ho, R. Sethi, J. Ulman, Compiler principles, InterEdition, 1991 

• N. Silverio, Compiler Construction, Eyrolles, 1995. 
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it 

^ jla 4-iL 

^JjaliTl I^_i3 (_£^_3 4_L^)-G I ^JJJJjojLojI jlll^ ^j-Q 4_A2kJj]| A-AaC- Ljilljj 

4 JV ^ ^ l^_i3 ^lAI aA^)aj i l^YV 1 g,*W x^-a (_)A2kj CjIa1£ 

^Uaj ^gull AjJuallll CjLuAlAI I^ja t—fllljJ ^Illl 4*111 (_£}^.S 4 *Aj ^jSlj 



JahuJl 4 Ja jj> . \ 

Sc-lja 111 . (j^JL-aaII ^-^a^AI (js*\W AaI^aII CjIaK' 1 c —A j\ac- 4A^)a]| eA& ^a (j£^j 

.CjIaK £\Ay~) i^ jjajII ^Jl ^jLuiAl la^. li^. (J^A^^aII ^-^a^AI (_j-aAI 

:4jltAI ^I^aII (Jj'vAi Jjjj 

.^cJI ... i CjIajIxMI tCjlcJ^all (JIa >. < \\t.si <^a V c—4a l£ lJia^. .i 

4-<ua i CjjIj i (Jj Via tA^-A^I a*J £ja 4_r^.lla^ Aa\\ \ AaI^ CjIaI^ ^a ^JjjL^_a]I .ii 

.^tJI ... cAJilaiA 4 _AaC- c4_ijLa^». Aj'aC. tc_ajl^_A aIuAjoi tAj^Ac. 

.b 

(Jj'vAl (jp. avIAI cAaK'1 ^-a^. (_£Ac.j^&!! (Jj'vAl (JvLk 4_£)_2kj al .^^ajj-all (Jj'vAL Ajjajoij La^jI ^jSLojj 
4-qvLuj A^tllj (_£Ac.1^AI (JI^aII . ^-na^I 4_i1j J£a>j AjAc-I^ ^jjj ^Ja^. ^a t 

c-Uj AAj^ia Ajajj-all Ac.j_^AI AAV ( (JIAaA Jjiui ^^IxA . 4 ~^.ajj A*J Aj^al^. Aj^jj-a AcJyj] A, uj/AL AAuaII 

. l^a Aal^. ^.Ijj Aflj^la j\ —h AitJ (Jj-oj A^-o^]l AjlI ^^a Adla^jud]! aIa^JI 
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(jl 4,\a~\ \ Al .Ajgjiln'l CjUlISI 3 4j\^c. 4 -N-a^-i 4 Jl 11 (_£Ac)3il (Jj'Vill 4j'^c> 4_ijjj 

4_iLa^Ii 4,1^^ ^3 JUJ1 iAHa^ . IaAxg 3- 0 4-ft]^A 4 _iajojI _jl c4j (J^auLaj (Jc-lflj (3*^ 3* 4_ft]4 j\« 4 
Jajjoi qC, J}i*^ cr^^ 1 l^J\J “if’ 44 '^,11 &A& Iajj ^j| l_l^j aI .C 4jJ Jlq 4,-nx^j 4JlAj 4jjp^a 

fiAA ^-JJJ ^jl tJajjaJI (3^^ Ait ^3 ^ CjLAax]! 3*° 4C<L> 4J “Xi>0” (j^-c 

4-d^ 33 4_ilajjai]l 4 _La^JI ^j\ _jl tJa^dl c-lflAjl Aic. 3 ^ CjLiLojjJI lJLjjaA] “else” 4-d^ CjLAaxII 

/‘else” 

c 

^1x3 .Ij^c. 1^3 l^r^yLoi 3 ^ A^IaII 3^ -^*4 4A^>-dl 4JVA 3 -0 3^**^ 4 : AaC. 4A^^a1I :>AA ^3 

a£Ij]I I 43 L$J^ C n*\ 3-° 4 aQ a 4_L^-g cJaLajVl 3^ 3^“^ 4 _AaC. _j m,*i C(JliLa]! 

^,u^i 34^* <3 c 3/4/ 3^ Y j X 3-o cJ^ dijl^ IaI 4 JVa I 4] (X * Y) cJ-^ 4 -Aac. 3^ 3^ 

4 _xu3 3^ _>4*^ X dulS JL^. 3 ^Ua lHujj^A )\t,s* ^gi C u*ijl 4_x-alik CjVIa. <3 VJ) 4JVa 3jA 4 j\.a*,11 aAA 

. c_JajL^-o 4 _L*iLoj 30 ^ixj Y _5 4_ia3j 

JjJjjJ( j i-nSjltl 4i± ja _ \ 

jUjii jJj 2 .a 

3^1j 3jAj^a^ll (j-aJl CjUuIxj 4JVA l^J 3 ^ 4jAjaI11I CjUuIxAII AjIjj 4j\^c- I^jS 3>t^ 

3Ua.VI ^3 3 ^ij .Labile, 3 jMSI ^Uajj 3^3^ 3^ ^-434 ^-° 4JlL 

4 _^o^j 4Jl1j 4_j j^jq 4j-n<q^j (Jaj c-J^ila-all 3^ cJ^- (3) 431c. 4 JlAj 3^^^ Aj]jj 

3lcjll a3jj 3^°^ c (3- 0 Jj^ *.Ail c." i,wl 4 j^_«q^j 4JlAj 4jjj^-° 4_i^q^j ^ajx^a 1 ^Jl 4 _ajA3 

(Jh.v 3. Virtual 4jjja3^VI Java 4JI ^3 ^Uaj ^ic. 3 -qaj 4jjja3^sl 4 JLj 4j-aLk 4 Jl1j 

cjUJU-31 3 -° oj*-a 4 Jl 1 j jl 3 3 jAjjj ^liai ii _ 5 Ac. (J-oxj 3^^ Machine) 

L-Loil^JI CjL^JIx-g ^^g_ic. 3 -gjlj ^gAll Windows 4 jjj ^3 ^ cJ^A^j ^aUaj 4 jjj 3 < a,>»j 

.X86 4j^AH 

JUjII 4l_iai ,/j 

(^A3jA]l ci-^C. ^jjjujj c V^,i A]j-dl 3 Uj1I 3j^V)j _jL^j^. 1 j 4l^)-dl fiAA ^43 

L-ilJ^ptJ Jlc l^J 3 ^ V CjUuIxj v_aA^. 4_L^)-dl fiAA ^3 L£>^ . 4 \ jit An Ale. 4J (Jlx9j a3jj 3^ 0j ^ a J 

.^cil ... * £-0 Lo 4 _aj3 / 4 lo 4-3 3J-A2 c4-qIa^JjojI ^Ac^j 3j' s -" A 
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Sjl J ! .a 

CjV^HaII (jj^j 11 . CjLo^jAa]! ^3 4-a^^jjolaII CjIj3*i».*q31 ^jj ^aAl ^5 (JjA^. (J^aIij 

^ l^ic. (j^lc-Vl (Jj*. <^1 1 ^-LaLajl Cyj^ iSj^ c JjA^. ^ <^^-0^31 (j-sa^l jAJa 

<J-^' 

^ •v<q^a31 (_yajl\ ^JaliLo 4x. j)Xi-\A ^Aj c (_£Ao ^1 4_2jj Aj, wM L-AjI (JjA^. ^A^Jj-uj 

0 \Aixj ^3 t JlUl (Jjajuj ^lx-9 . (JjA^. ^3 4 j2jjaj 3 IflSj (J^Aa31 11a ^Ia^JjojI 1^_a3 ^j31 4jIjj|^.|j 

V cProc (j-ojJa Integer 3^*a^l (j-o ^ \*v.d X (J_^i1a31 ^jc- ^j>lc.Vl Aic.^ 4_^a^i31 cjL*J 

^ 2 ^) 1 a 3 I ^jfij 113 .Proc 33-3=^ ^>*^>^31 (j-ai31 11 a ^» 1 a^jjuj 1 ^l-q^±a13 

11a ^l.WuJ ^£ln]l C. V^.j cilllj dAaj 4_la-ajj JjVlJl ^sjujI {S^~ ^3.*aiC.Vlj 

•Proc J jvu' l 

flkkSnSjbl .b 

l^_La 42 jIj^ ^IjjI 31 1 ^j£jj 1 g-U-rvl 4jLluJl i_ n^p31j CjLAac. Qc, ^t 2 jj 

. c*li31j.} IjlflAj ... 4 _i 3V^ g-U'Vvl tJxaJl $.\Aj ^^3 g.U*?~vl L^Agj tCjLol^l 4 jIj^ g.U'Vvl 

g.U^~vVl 4 _^JL*_a 3 ^^.Vlj cJj^^ *>■ V^.31 ^8-u l)^3j c_ <q 3 £joij g.D^'vVl ^l^jl 3 -0 ^ 5 ^ cJ^ 3-°3-*^31 (_£^j 
^0 ^H^l ^ J'Q'v" t ((j^VI jaa) Ikkil c < )u>i ^jjJajJj iUa^Jl ^1 SjLujI 0-g^±a 31 g.U-aC .1 ^A 

.4-A2kj!l31 4jl^c- ^jjjujj c V^,i ci!31j A^.lj ^jlj Ujl^hlj I3^~v ^jc- 4 -a^.1a 31 g-U^-vVl 
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Jl IJJACUl 


4_a£a1I \Ti .4_A2kjl]l 4 j\aC- 4A^)a 11 Aftlaj L)^ (JjVl (^JUaJI (JSAj 

^ja 4-C.j)a~na Ailjj i V^.i 4 ^-^a^aII t^yajl\ ^ja 4jjLM 4J^aII 4_SjUa ^ja Vn ^Jaftlll (JUa\1 4jj_>jUjY1 

. (JI^aII 1^_VL*j UjjAj lUIJjjoi ^ill CjIaKII 

(Jjuj>Lujj I l^J V iUjU_a]I C_aA^. I I^aAI ^>a 4_3jjl!i]l ^I^.aII ^ja Vc.ja'N a U>ij 1 ^jlc^ftA^ (JUaII Aftjj 

g.D^'vVl ^jISa ^^-ll 5j\_uj>U 1 ^_j 4jULujVI (j, ^aliijl Afl*v 4 a^ a US 4 Cjlfljlxlll 

. ^AAJill ^3 SC^w^a]! 

4_!Ua jl ^gJI S^LujVl _jAV . ^jI^AaII (Jj\ Vill 4 j\aC. (Jjj-alflj J ^^jI^jAaII (JUaII 4_i±j (^Uadl ICA ^^3 ^yajiilu, iLjj 
iUjUaII ^)A (JjuJ>LuJ ^-U CjMaC. Ajjj 0 a 1_J^J ^jA»Vl 4_IUlA £^3lSj ^bjAA (JU A (JjVAjj ^jAJ.Vl 
q£, C \^.\W ^ CC-UlJ ^lll CjIa^Isi1a]I £.U (JUa l. U*V AJLoLA ^^Aj 4 (JjuJ>Ul]l aC^J SIKa JlSAl 

. 4,” \“\\W dllSj^A \\t,s“i (JSClJj CjIajAxaII 


lj/JjJLlII b ) 

^3 Va.'WiaII ClUK'l ^ja 4aK (JS1 (jjSj t M 4 aK" 44jllT iaII (3-® J) A y A c£ ^.>ajj (_>^j (JS 

4c. j)a~na! ^ Wj .(Model) i_^aj m a^C-Aj La jl C*UK 11 ^>a ^-11 lAc-USil CA^j (JSjC ^^ajJI 

.(Token) n s*^U ?f a jc.aj ca^a ^aj l^J c*UK 11 

VUIaaI! (jC- ^JjUXjU ^aAkluij (ji ,4j CAIjIaC- ^jC. (% 4 / 4 * 4 - 4 +) *C!jIaK\I ;(JHa 11 (J-n^u t _ 5 Ax3 

.(Arithmetic Operator c>) ARTHOP ** 4^Ua^ 1I 
aJjLdl ^Akiuij jl LAaJj 4^a jxdl I g .A ^Vu . n o& (TotO ‘Y ‘Counter ‘X) C^IaKII US 

La jAj Jj^IaII J£Ji ^ ^Ajaj cliV j^uW JjSj US .c^Vj^Ull ^ j^*AU (Identifier c>) IDENT 

3] # tj j Via ^^3^1 ^IaVL-uI ^aCc. CIjV^VIaII (JSjC l_V)xj (^All ^C^Ai]l (JUaII ^^^AxS) 1_A^.V al^)luj 

# (4_ia3^ 4_aj 3 ^) nx.j ^JUaILs 4(JjVia ££ ^LiiC.1 ^jlc^)iA]l (J\-^a\1 (AA^ V 


4 aft* 1 aI t jjjbul) .3 

4_aA^Jjoia ^jUaj lJjjjLxj ^_Aj 4 CjUAII 4^j)o'ij 4_k-aUJl A^cLiaIIj L-ftJjlxl]! A>° 4 ^ja^-a S^Aftll aCA ^3 

. JjAaII (Jj\V ll 4 j\aC- ^-9 4iljSj 


(Word) "<a1S" j^aj US .Jja jll (> 2 : i^UA 4 ^^a^a 4(Alphabet) ;uLj*j 

# ^ j^l 'ic. 4 jg Via VluiLuj (JS 


^a-Aal 4 ViaII ^-iC- ja^aII ^Ic- 4JVU1 X ^aAVluC US 4 _a 1S11 4JVU1 ^A^)ll ^ Wi 

^iC. ClaUlSll 4c. j)a~na VlVUl X + 3^-^^ ^a. Wnj # ^ 4 jA^jV^ (U° 0Ljuc>1 4_lua11 4 ’iSaaII ClaUlSll ^ja-n 

. E + = E — {^} :uj^ . Z c> 'u' cA^' 
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jjY A a\^<\\ J^n ^Jllj ^ Aj. 1 ^j'VI A_iaHa ]1 i. ^jc. ^}JAJj tj]Q A/aKll cJ ^ 3 ^gA] |m| _JA^ 

|(jl Yu All (ji In^J jUilb # fl ^A L 5 ^^J X ^gA] Aj^Vl^ll djUKll Ax- j.Q'N.L ^Ac. ^A^*^ X n 3*.^ ^a, W'lai'ij 

00 

.V=]Tr 

_ n-0 

My ‘" • " _>jL l$J j*jj ^ullj (Concatenation) "^uAuuH gujil" ajLc. c_aj*j :<-Lj*j 

: JUll£ ojiaK 

0 -o^ll Jj-aU. t(Vj el C'li'. j v = V|...V p LJSJIj (Uj eZ c-y^-) u = Uj...u n y-al£JI UjJ jS2l 
" • " ^^LuLull ^laJI Jyaj JLaI (j£-u ^Ic- JLuj . U • V = Uj ...U n Vj ...Vp ‘ValSJI ‘V J U jjUKH ^LUll 

. U • V Lf- uv MA? 


‘w=c ‘v=bbbacbb ‘u=aaba Eua. ‘t ‘w ‘V ‘u LjLJSII j ‘E = {a,b,c} ijld\ 

u • v = aababbbacbb 5 ^' ujA .J^JLtfi • A iV 1 1 ; J!jLLj e * J! lLJS ^ 1 1 = s 

.V J U OF* 0 -g 3 -^^ 



^j-o AJlIII cAA c. qII" n dii^. L| Ajg Vi^q ^jc. AJlI X = {3., b, c} A_j.1^jVI tJllLoll (Jjluj ^^Ac- 

{e, a, b,aab, bbcaa, bbcccacccaaaabbbcaa, ... } ;cjLKJI 


tliULLSl yi C LLlaxIl :uijj*J 

Lj UL 2 ={w:weL, OR weLj 

i^LuaVI 

L, f|L 2 = {w : w gLj AND weL 2 j 

IjJallUl 

LjL 2 = {w = WjW 2 : w, eL, AND w 2 eL 2 } :c^ 

Lull 

n 

ii 

M 

K 

iipey 

n>0 



lJl^j ?AJlIII Jl AaxuIaII CjUKII c_ iu-ojj i- .L la AJlI Lb.}] (JL^. J(jVI Ajoiftj 0^1aJ (_5^1l 

11a ^3 t (3^-^ C5-2 L-a ^Aj CjUAII ^j-o JaLajl S^C. -E^J tLa^-aC. .AJlUI &EA c_ IJa-ojj (jZLoJ 

. A.-aAVn-a CjUlI Ia^C-Ju <3^ cHjLxAII Z- (Jj-aft]l 
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:gfi; ^ 3 ^A E LAaj ^ (Regular Language) L "AJaiU Ail" a-sjj*j gjbuai :<-Lj*j 

. E ^glc- Akiia Ail {g} 

A^JallLo Ajtl |h.} (jj^ 3 4 X ^-3*^-3VI <•_^pa a jl* I ij 

# ^^ic. a cIjUl] L j L n £y* cJ^ uj^ 4 E ^ 5 ^ ^ <qJvd<q ^-*- 1 L Ai±il^ lil 
. E AJali a CiUJ LjL, J L, UL 2 j* 3^ j_A ‘<Aui« CiUJ L 0 j Lj j* 3^ j^ '3 

# X CS-^ <-<JallLa dili] .1^.jJ V 


.(Regular Expressions) M 4-ala!iL&]! jjjbLUl” Iajc-ju $hi ^bvixAj tV^JaiLa ciiUli! i jj ;uLjju 

;4 AaJoTlAa'l jjjUuII (_£.3jC. A_flJ^)XJ LajS t _ 5 -laxj 
# jg j <*111 c. Qx«o jJ ^JoV/a_)j jjg.'i ^A £ 

{&} 4jlUI L Qx^o jJ ^ Jo Vi/a ^ijxj ft ^jjfLi 4 ^ Aj^jVI 3 J_>^- (j-® ^-3^)^. a (J^ ^ 

(jUx«o jJ (Jj/aJoViAa (jj^nxj ^jC- S^)Uc. ^V^) + J (r) L>^ (jli L ^JtUI i 3x«ojJ ^ JoVixa ^jjjx'i f <jl£ I j] 

.L_liJ Jl\\ ^c. L + J L U^ 3 *-^ 

j (r ) I (r 2 ) 6 ^ ^ ul^ ‘ 4 ^L 2 j L t u^ 3 *^' u j ^ kn * r 2 j rj ^ 

.l_iijjjJI LjL 2 J Lj U L2 u^ 3 *-^' q \ a £\<\ a cyjy*n 6^ &jW^ ^ ^ 2 ) 

A A Jo *1 * 1 A Jj V S 


\A ^Jo’i \a\\ jjjUjI! 


UP 


■A-llL«al 


A,aY\W jl t|3 j a Cy* ( 4 -*-Ul) Clal/aKll As^ j-a^a (^ I I3) L_iuajj S 

(bla)V(albr ^ ✓ 

,4j 3 bbb AAJI J&. lA' (a* 11I) eiiUKll <c^ (a I b)*bbb(a I b)* jj A 


tjJlJ j£*JI Jj i\1tl jJuj , Y 
ujIj^IaII t ,g 

Jjjjoi j^aill IA ijc- jjjxjII ^jj ^Aa-a ^-Aj^aj l^J CllLal£ll t _jl oIaI ri ^lalLall jjjl*all Lil jj 

;oAAa-a Ac.I^jJaaj ^^a-ajj lJJ^ la ^ajujl ^lAaiml ^j) ^al*j 1 j*cia. c^JliLail 

‘(underscore) “_” ja^ll J] <iLjaVlj 4 ^j ji <A-ija. J ^ t>j i_ijaj ^J$\ Iajj jl •/ 
jl (small letters) »j j» ‘-*j^VI ^l. iVua l jAj Jjaiall ^1 JjLl AjAa. iaIUas jj£j jl jjAj 

.(capital letters) LwA' 

La£ talalxa ^)AJ3U lALajel ^11 aj 4 CI 1 V^aiail jc o^jjx-a]! IDENT oA^)La]l 4-jjju jl I AlS^aJ <jc- j 

IDENT=(a|b|c ...|y|z|A|B|C....|Y|Z) (a|b|c ...|y|z|A|B|C....|Y|Z|0|l|2|3|4|5|6|7|8|9)*”” 


Letter = a - z I A - Z 
Digit = 0-9 
Sep = _ 

EndOfString=”” 


; ( dj La jl I jj£-aj CllLlLaxll 
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: JU1! JSZdl IDENT 

IDENT = Letter (Letter I Digit I Sep)* EndOfString 

(1 g. 1C- 6 ^)JXa]I CIiI^^aII A \'ll *\ a \ ^a^C- ^AUiltjj) CIiLaI^II ^ALaJ (j£ A,J*l\.^s^aj ^a^C. ^Aj S^La^I 

aA CIjIaK 13. ? l3) Aj*1^-A ls ^" A-9^)*a ^-*A ^^9 ljj.ll (jl£ (JL^. ^^3 4 (JIja]I (Jjjau ^Ajl 9 a A aJ^ViaII ^jjjIxjII ^aLVuAj 

I) j)A .H*AI (joiij 1 g,» nj (jAj S^)a n. (_£A1I 3. A aKH I^jj” ;AJU1I o^c-tall £jjj ^ n I) n (J^AAI 

pl.Au.il £_i 

.((3^^ L-Ujalll ^J-tJajJ 


^JJja) ^Aj]l llA j)C- ^nxllll A aIVi^aI! ^jjjlxjll ^al^Vu*il 2_lkboij V A-LaUa n Ijjli # (fl (J?\ (J^l (j-Q Liajl d^)A fl J^Jxa) 


4 *^ .b 

|^gjj A_^-a^}J AjsA j^- 0 ^ ^**)Vn 

i- 4 +) ajjLa^AI dita!yUJl£ A-LjLaull jjA^ll J) AiL^aVlj ... awhile 4 if (JA* a_iuLaVI a_i^.IjAa]I diLaKlI >/ 

Jja 1 g 1C- S^jxaI! oJ^AaII ^~i Ljli it&^JC.j (<= 4>= 4 < 4 >) AJjIAaII ClllAvlc. jl (% ‘/ ‘* 

.ajjIa^AI ciAi^UAI (jc. ^>j*j ^^Ull ARTHOP 

La^U jli tdjV jV^aII (J!Lg (^Ajaj IgA) \ Saw a .ic.1 jAI ^^ill j^A^ll AjauIIj 

£a JLJI La£ l.g )C- S^jxaII C1iI.1^)Aa 1] ^Jaxjj tg_^.i^Aj .Ic-IjA (aAjLaII 

uj^ Lf^j (5.3 JS-a) ( j,v*^ if- REAL ** jA^ll (jl AijjJall qA h .IDENT 

; ls _L IaS A'nl Slc-IA 

POINT = “.” 

REAL = (Digit)* POINT (Digit)* 


<^4j^\ Q^alSt CjLa!£ .C 

4aj9 Iuxjj ^ja! A_LkJ ^laIj^JI JLklj n*\j CjV^IaII ^LajaI ^laIj^j AjIj^ (Jlljl 

^JJJ (Jj)*s.“ia11 ^jaI ^j! ^ic- j^xj V jl (Jj^lo ^jaI ^jc. jjxj AaKH (jl ^Ac- AJV31 * jl ^ 

.IajLa Ulj^^. IDENT s^Ld! aAAaj (^All ^AjaiII 

. AaIa CjIajjjI AaIsIIa AJlS (3^ • ^jAaj 
. jjaI^. 0aL^j ^il£j AaIa CjIajj j! (J^ :A^jju 


i^Alull (J^aJI IDENT s^A^I ^laiiAil jj^.^II (JjAa^ iJliLdl c^Axa 
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I^ja jUj ^ic- jjJa^ aII ICgJ C^xJjojj ^JjI (J ^^} Alii* Cl jLq^Jj! L_flJ^)*j In^j [LJLl^U 

# Clj!yL^a^llj ClaVl-^-ii (j-a A.jg "\\a Ax- ja~\a 

dAij^iUl J-Ca^xCii CIjLqjj jl tSJljA j tlg_aj^)*li] djVl^Jl ^^Jc. ( *- J ^ J - sa '^ £jCajxCij CliLo jj jl tilliA Y 

A >jVi'l (_>^j ^^Jc- cJ x ^^ J gnlUll .Cj^UjUll ^^.Ic. 

# A_aj1cjj1 aJL^. CliLo jjjI JS1 

diLojjjV^ cJ-ac. c-Lg-ii! tg_il] (JIaj AjUg "ill diVl-^-11 (3 -0 A-^ j <q > <q Cj iLojjjl (J£j 

.ClA-iLox]! ^j-o Ax^a^-aj (I) -0 A-^ J)^>^ Cl /ale. V1 j djLL-avUl i^_flJ^)*j ^aJJ 

A_L_aj tig ^.Ix * 3^-J cK (J-^ O -0 A-ijlciLVl aJL^JI ^j-Q ljUk.1 CIjLqjJjVI (J-ftC. ICjj 

t _ 5 -lc. Aiju Clalij-avUl Clul£ (JL^. C5^) ^^)-g^)I 1 (j-a AiL-aV ClilCj lg_j AJa n^a 

l tat 3-i‘l x a) \ I cl CllLa^jjl ^ja AJ j/<U l^_jl A_aI^ ^jX C* (^JjlLaj (JL^. ^3 

t <joi£l\ t_ ^Ic^IujU 4jjl*j yu J! (AjjIjjjVI aJLJI c> "IS^LlJl) 


^9 a4 ^jU*i]1 CjLojj^VI x55 4 ^j| (JUIaII n .< ^1*9 


:4_ul^j]l 4_!LaJ| ^J| 4*J (J.aaij l^jl Ja^tL: .4jj|jjjVI 4-ilaJI {ya li^a. 



(^jll Isldentifier() 4 jjI>?.J -Symbol Jj»i» ^ l_sj=JI Ij* ‘-isj 2 ^' 41 aaLa ^ Jhll 


- ^^ ^j-aI ^JC. (_g-^ Scj^jAaII 4 a\^\1 ^JAS 


int Isldentifier() 

{ 

GetNext(); 

if (Symbol is a Letter) 

{ 

GetNext(); 

while ((Symbol is a Letter) | | (Symbol is a Digit)) /*Case Switch*/ 
GetNext(); 

if (Symbol = = ‘ ’) /* Space*/ 

return TRUE; 

else 

return Error(); 

} 

else return Error(); 

} _ 
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1 £,'\C* <_j^aj CjIajJjI ^IVnA ~j\ u,*i (Jj^2wJ Ac. 1^ ^Ac. (jVl S^Iaj J^li] 


:Jafl3 ^^ALj Jiuij li& 



0-olj^J £^aI£a (jj^Jjoj 4jl Iaa a*W *G1a CjIajj jl ^11 ^AVua ^culj Jj^j ^jJaluij 

:4_Jti]j Cjjj)lv\'l <J>Lk (JL-oll 4 jIA^ 4_AaC. 4AajI \AjI£aL 4_ilc.j .^jjoiU. 0-alj^J aJjj ^iialuAjuj tijjj 

aLaj c*1VuTi ^1\ 4Jtill CAiIa^a (jc. hjjjuol\ A a^tuaII jjjUaII 

. CjIajjjI ^Jl ^J-VnA _jj u,**i 4 _iaJ)jI^^. ^al, W“uj.)1 

(J^Aj-^aII ^'^■A^ill 4_^Jl*_AJ (_£A11 0 aIj^] 1 __y^J CjIajJJ>U ^aI^aII ^JJjojL^JI 0a1j^]I AulJJ 

.AjUK Aj.Wjj AjcJjAj 

4 s/j j±a 1 i ?Lk±i a r 

^ja Aj. Wa A Ac. <*—ajxj]| ^jIa^Ga]! (J\*\ a\1 j_j£aj a! . Sjj-ala gAlvvVi £a ^jIAjAaII (JAaII 4A>lc- 

UllaiVl 

CjIaKH A-IaJjaull 4 5Ac. la A^kJJ ^ A^a3 ^U^aI V ^JA J}AJ AjIA^ ^A U-vs. V 

.A-I^AACa]! 

<jl L^jjJaj (.** n*v 40.55X cJ^xAll Al JjaoA t CjIAjAaI! AC-l^a ^ja SAC-Ia ^iilaj ^A Ua^. ^ 

^ ^cJj^a (_y^ 34 ^) IDENT Sac. \jil V ^ cJajjoij J)aj t4_i^.liiftA 4 aK J)a_^I Iaa 

aac. <jjjJ ^a) REAL sac.U1 
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La^ 4_*jl!La]lj 4JLa&|j Ua^JI \un (_£a1! AJUjb ^| ^xnC.1 La^-aC- cAlvvVl 4_^Jlx-a ^aJJ 

4Jjl's.^aj j\ . 4-i-aj-aC- ^)j£l ^jI^Vuai (." n*v t(_£AcJ^I (Jl^-all gAlvvVl 4 _^JL*_a 1 (J^)la!i]l Aic. LL^.V 

4_laJJ^a]| dllj^^-a ^axj (JjI^j ^>-al jAj 4^lift-all CjLai^lij 4_LaJjou]l J^-a^l ^3 c-U-tvVI 

4_La^. l^ltaj 4_La^21 4jIaj ^ 4_a1£J1 fiAA CjjI ^ while 4jL£j whle ^rj^»x3~i c4-aj^5j CjLa^kjiLaHj 

4a^AliiLa]| 4-ai^ll 4*\j*\ 4-al£JI <jl 4JL^JI £> AA ^3 jm,j Al .4 jj1j£j 4,B\*v ^jc. ^ixj 

,4_a3 (_£a! 1 ^jl^all ^_3 4~sj~s.x^-a 4,^1^ ^Jj U-i'v 4-ai^ ^>- 0 (Jj)^**^ Cjjjjj3e“ill ^j-a ^j^a-a A Ac. (JsV ^VWi 


. * 

- {3,,b } 4 jA^jY 1 ^gic- is^xJall 4_Jllll 4-aiaHall jjjLLaII l^ix^ajj ^1\ CjUlISI ^^aLq 

a (a I b) * b ^ 
aab (aalbb) + ^ 
(aa)* a ^ 
: \ 

• b i^^-3 & ^J <Q > Iajj J^l\ 4jl1]I 

bb qa jl aa 4 jjI±J ^ic- a^.1^ ^ jL ^j-aj aab 4 _L*iLoJIj l^jLal^ Iajj ^ill 4 Jl1]I S 

• IajAa l^jLal^ (J^Ja a ^-9^* CS^" ^1 V 4 Jl1]I ^ 

: t JI>JI 

:4_Jtl]| CjUlIII v^_9jxj jl (jS-aJ ( __ S ^3I 4 < a3Vn.a'l jdAxIlll La 
.a l^jLal^ I Ajj {a,b,C} 4jA^jYI ^gic- 4 jl1]1 

.5 dAfiC-Lja-a ^jjQ A^j^Lk^iW aIac-YI ^ 

:Y 

a (a I b I c)* 

(0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9)* (5 I 0) ✓ 
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£j| 

(Aiai \ ay jjVI Jal\) (f)lex ^ 2 ) 4 JaiauJi Shi 


(JaI^ . ^jI^AaII (JjlVtll 0 aIjjj .liljj ^^2 S-Ic-LaaII CjI^VI (Ja *2j*2x] 1 c-lb ^aJ 

.lljJj 4 (J^.2 L_a1a ^JA ljLiiC.1 I^aIiVia JJjlxJ ^al.)Vunlj 4i^3tA ^•jIaJJ 4_l^.lliftA CjI aK (JA^ 4Jl11I CjU^A 4,i\*1^a1 
Ia3j ^ $.Ua^J Ji^2kj ^a^C. ^ja (£], , ltA < a ^,yjJ ^jjia _J1 C ^“^.ajj (J-aj 

. ^,3-i* a!1 v_ jlA 

Jij oUL jib i(f)lex GNU JjS <> J 4jsI£g sbl jpjkj lUnix 4_J^L 4_^>UJ| lex sbi *Uj ^ 

. U *\ Sli^ c-bil 4 i)) 4_lajj q^ai ij j jl4ja]| UWaII (J!lgj G 4JlL 44^-g U^jj 

: J£jJU sbVI (Jjxxij o^gj 


> (f) lex specification Jile. 1 


4_k^aliJI 4-la. -Gj4 y<„\\ 4J<1] ^j±& Jc. ‘leX.yy.C i—ila |4A 4 jTi 

:(f)lex sbVb 


> gcc lex.yy.c -1 (f)l 


i j ciibjiall i_a jx j 4 ^ Ivi*i a jjj'jj Jc. (specification_file.Z) • - c-kL 

tljji (_> £a 4]l CIiLgIS £JJJ J^- J Lg£ lUL^-ail JgJU ( (JI ... ‘ \.' Q ^ 44C- l(J dlLai^il 

oj^iJI .1^1 jl 4 ^JalLoJI .1^1 £>a 4jjl lalLo (j-G 4 -L-gLu (JJal Jj (J jj^aJ ( J^. li^)^ 


ljUjAaJ) t &us >jj t it* Malt , 1 

~%{ 

declaration (in C Language) of variables, constantes, ... 

%} 

declaration of regular definitions 

%% 

Translation rules 

%% 

principal bloc & auxiliary functions (Optional) 


f44 c5jb^l ^45 j* (principal bloc & auxiliary functions) y4 jji.VI ,^1 o' J!»j^V' 

y iUI j jja JKJU o^f^ll main() ^.*gi ; iq]' ^gUo^I o^ J^. Aii^Ljal 

(f)lex 4/jy/j 4<r)l-\ ft 4 d/iTib tl jjjLxHI . f 

: 4j-afi. 4_SV 4 djb 4 ^jL^-gj 4j4lc. ^jjl^-G ^_yc (f)lcX aIslILg <_alljj 


$ t \ t A t [ t ] t { t } t < t > t - t + , t * t /ill? 


s_)ji_^a]l o^ «Lm1.m'v (f)lex sbVI ^jl JJ sliij > ?l ^-g (f)lex Jby ^jll 4jjjUcill Jj Lgjs 

.(capital letters) i^Jj (small letters) 
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Jlia 

sbSn <Lo^ij La 


& 

_J4C. 

C 

\+ 

<C- j/Q-s./Q ^.^Vn V Q jLa. ^ 

uj- 2 j _j* 4a^ c , —*.jaJ' st-iVl 4kUi t/ J) a i> (small letters) 

# ^j-aLk jit- ^jIc. o^yia'ij ciil^lyic.1 

\c 

“abc*+” 

^A La£ S L-fl^l *s.^all 41 uiLuj 

“s” 

ab 

r2 -j 4c.jjla rl 

rlr2 

> 

o' 

o 

La Q\ ^ic- ^-3J 4jl_3 4^kl (Jj±uiJ (Jj^ 4_fl^) j \ < a^s ^jl (JL^ ^3 

^)Llxxl\i (Jjl ^3 (jjfL (jl L* VNJ 

A 

abc$ 

J ^4* 6 ^ C5^' C5^ 

^J-axall ^3 ^jj^Uxi o^*j _) jj3g.*t \\ 

$ 

[abc] 

§ <L-aluill 4ilj^a]l 4_1 (_£1 

[s] 

[ A abc] 

§ <LuAxdl 4i]j^all l^C* ^\ 

[ A s] 

a* 

^Jj * (j-a ^ jl jjj djl^-all (j-a Ale. J* jnxlll hi 

j-* 

a+ 

x ^I4xlll] J3V! oA^lj o^-al _j^Ja 

r+ 

a? 

f ^uxllll oA^lj a^)-a] _jj)g,)^ 

r? 

a{ 3 } 

r j_*§4> 

r{m} 

a{ 2,5} 

n jmuJj^j'jijr-i j_^ eal j* -i-ic. 

r{m,n} 

a 1 b 

r2 j' rl 

rl 1 r2 

ab / cd 

r2 -j <c-jfi-* 1 JLa. ^ rl 

rl / r2 

(a 1 b)? c 

r 

(r) 


^)Llxxl 

\n 


Tabulation 

\t 


(f)leX -J 2 '-^aLk j <—alxdl AjI^j 

EOF 


^ojJa V 9 ( ) ^jjiujjfl ^xuJa / 4 ^ 4$ 4j-al_^JI c_ajl*s,,a\l V .b 

v SjL^-a JafiS \ L—3j"s, a \\ ^JLj 4 [ ] (J^xxill (jjj ujjS . C 


. Wl Vj W L>-J C#t ^ (j^ VI L^aL^. li^-a — L—aj-’k-all ^JLj V .d 


(f)lex SUVI lina* AJjxaI) CiLuIj*VIJ tl , f 



f\A\u *iVl 

char yytext[ ] 

_^43 ^aJ aAjuiLuj iSf^J L—ajl^^all ^)-a 

int yyleng 

^aJ (_)^.^]| ^AjoAjuj (J^la 

int yylex() 

yywrap() Jl^-41 Ujjt 

int yywrap() 

Juxj S^C-Loi-a 4^1^.! jmi L_ajL^_a ^j-a 4 _L*Ajoj 4j1^j Ia^Ic.2lLojI 4^1^.! 

4-LolLjj ^ 1 cJ^.^ LJlLa 4jLjliLa (j^ cJ^* 0 

.4joi£lx-all 4JI^J1 1 Juxjj 4^(j?^.l 

int main() 

•yylex() 2a«a lsJ±^ 
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unput(char c) 

cjj^La 4_LoAjoj 9^. C V Wj 

.(lex ^ (f)lex ^ JaSfl 

int yylineno 

A'Wllx.A (j£^J 'jlu.all f&j 

yyterminate() 

.(lex ^ (f)lex i=Sa UilLI 


jUl (JjIjLa , £ 




-d 

(debug mode) dlU 

-i 

(capital letters) \j (small letters) s^xJI ^p.Vl <jx 1 ^ 

-1 

unix 4-diitj 4_^UJ1 lex shV' ^ ^dll 

-s 

^A^AJ J)AJ (_$\ V V_4ijl ».^1A Ju£> S^JOlLlA 


*.L gjLJ . o 

CjLo^Ic. 4jj^x^a]l JX. Ajj^x^a]l .He. L_jLuiXJ ^Jbll xaIaII ^3 XJL^a^dl (JAx dl 

.^Jjl&dl 4 _x^] ^_ya 4_Lx.1a]I L_ajlx-dl ^_ya dl m lml JaJAHll 


%{ 

int nbvowels, nbconsonant, nbPunct; 

%} 

consonant [b-df-hj-np-xz] 

punctuation [,;:?!V] 

%% 

[aeiouy] nbvowels++; 

{consonant} nbconsonant++; 

{punctuation} nbPunct++; 

.l\n // Nothing to do 

%% 
main() { 

nbvowels = nbconsonant = nbPunct = 0; 
yylex(); 

printf("No %d vowels, %d consonants and %d punctuations.\n", 
nbvowels, nbconsonant, nbPunct); 

} _ 


^iLjaVld p S^JIj 1-lJJ (Jj-lxlj ^ t_ At.^> ^a !1 (J\^.a 11 
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digit [0-9] 
integer 

{digit} + 

%% 

[integer] 

printf("I deny the integers"); 

A p(.)*\n 

printf("I hate lines starting with p\n"); 


if (yytext[0]=-o') printf("*") 


else printf("%c",yytext[0]); 
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CjLajjjVIj Ajj^uaSi Cjlill! 


:^lUl cjLajjjVl , ) 


iciip. A - (g,^ 0 ,F,E, A) ±iuL*±. l$jL ‘(Finite Automaton) cjUjjjSfl" ^_a3*i 

Ajg "\'\A AX jAyA [ Q • 

# A_ u\S±^\ A_L^JI lA jC.Aj Q (jj* a_L^. • ^ • 

.A g.'tli dlVI-^l Ia^C-Ajj Q ^3 Si jp^^a dlVl^- Ax j)*a>*a * jp • 

jyAj Ia^c-Aj ^a]Ij jlill ^-g^)]I £ l^_i3 Laj^ L>^ j) <Q > <Q (j-° ^ JJ AjA^-jI * ^ • 

A : QxS ~^2 q : A(q i9 a) = {q n ,...,q in } : JU&I ^ : A • 



^]j AjjI^jjVI aJI^JI (j-o jj^aIU ^A-uii ^1 Ax. j)<q~n a tgjlj "CjIajjjI 1 g \\t* 4*121 ” ;uAjjJU 

_dlLaJjjbu “Lulgill lS-^! 

(a I b)* abb ; j ala2Ltt]l jm'illj 4 HLhaII Ailll CllLaJjjVl oAs !_ijaj tALLuJI CllLaJJjVl “Ula. (_ji : Jlla 
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0aL^J qC. qC. AULq CjIajJjI (,3^3 t 4 _aaJ)j|^^ jj CjIajJjV 1 (jAJ (Jjlflj i^L& i ^Ic. (J^joiJ 

La jAj ^aj^JIj ^ nJl CjIajJjV I (jj£j La .lie. CjIajjjI ^jC- ^)j)xMl <Uj^joi -il-ijjj .4J±La 


jiji^kj ^L3 I (J^joJI ^ 


^_ai»y 4 li* (JjLijjjI^J t JaH » jjjxj Jjjaj . f 

I^aII 4_Lojji^Jl jIaAC-I ly^Aj ^TlA ^AAXJ ^JA l^llAC.1 CjIajJjI &liA 

* a ^ L>**i i a\1 jjjIxjII : ^yA ,_]S] CjLo^jjV I 



^ <aT\ 4JLLi ljL)jjjI^I^ 4 ^y 411 tlLa jjji(J jjzLj , T 

s j-jll 4ia»J ^ j=J JU (ji (Deterministic) "<^11." <ul oLjjjVi 1 (>■ Jjl :usjjju 

ilia. ilia. (_gL (JlaijVI jajj cn-t j A \ QxYj —> <2: A(^ ; , u) — cij • ij^il; 1 JlauVI 

■Jafl3 'j 
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^_ya .Ijc. i ^Jj CA/l^. - -ajaJL Alixs CjLojj^I ^gll ^ ^"^.V Alio CjLojj^I 3- 0 (JU&A/l ^-awjj 

(Jlajj^U Cjl^Lii. SJc. ^3^3 ^.ic. ^gJI AA ^^3 c.ixmll J3 *j . CjI^sjjjSM 6 .I 4 J 4^)jla]I 4JlH1 30 ^ CjLgjj^SM cJ3^ 

.33]! 3^ ^1>-n.",,iK l^jh *UL^. ^g]| *ULa. 3*1 



4j^jjlj-^\1 ^gic- AL<uc.l ^g31^. AIlui CjLgjjjI ^gJl ^g^"^>.V Alia djLojjjl Jj3^j 3j7^j 


Input: Non Deterministic Finite Automaton A\ — (Ql, q 0 , FI, Z, Al) 

Output: Deterministic Finite Automaton A2 — (Q2, q Q , F2, Z, A2) 

For gqcfe p e Ql and for each a e Z/jp 

Add to transition table cdl the composite states produced by Al (p,a) 
All states with at least one final state, become fined states 
Renumber the states 


A(0,a) = {0,1} 
A(0,b) = 0 
A(l,b) = 2 
A(2,b) = 3 


A = ({0,1,2,3},0,{4},{«,M,A) 4SU. iitjJ :<JlZ» 
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State! Alphabet 

a b 

0 

0,1 0 

1 

- 2 

2 

- 3 

3 

- - 


State! Alphabet 

a b 

0 

0,1 0 

1 

- 2 

2 

- 3 

3 

- - 

0,1 

0,1 0,2 


State! Alphabet 

a 

b 

0 

0,1 

0 

1 

- 

2 

2 

- 

3 

3 

- 

- 

0,1 

0,1 

0,2 

0,2 

0,1 

0,3 

0,3 

0,1 

0 


State! Alphabet 

a b 

0 

4 0 

1 

- 2 

2 

- 3 

3 

- - 

4 

4 5 

5 

4 6 

6 

4 0 


State! Alphabet 

a b 

0 

0,1 0 

1 

- 2 

2 

- 3 

3 

- - 

0,1 

0,1 0,2 

0,2 

0,1 0,3 


b 

rz 


±J i X±j » \±J , 




La£ CjLojJjVI OJ^J 


yujl ^j-a IjLjc-I AjII (Jx«Vi <jl V lijV ^JLaA] ^j^-ajS Vj Y j ^ dlLajJj^M ^3^ ^ 

(_j£jai]l ^3 ^L-a^-uj^-all j 4_^j\_i]l CliLa^-fjV^ tAJLa&l (j^* 0 3.J ^ ^ \x a ^sLtJal ^ u^i 1 1^1 ( 4jj)j!ljVt 

; t ^_L La£ L^jVI-^. ^J3^)J S^lC' j C5^^J ^ (^g^ilall CllLa jjVI JjjLuJl 


1 







fJHia jjjxj (jJf MJixa tl/La jjjI . i 

u' u^y cs^' ls* A o' o^y^j A = (Q,q 0 ,F,S,A) cjL>jjjVl l^Uti L ^*-1 t-uA jl 

Jajjj CjY^Ua 4 U-y 4 jIjS Ia Aic. 1 VAaj . (J. I^AjojvUj Ajj\Su^ 1 4JUJI <jl IjjjjC-I IaI A CjLqjjjVI 

US tA ^1 L U>Ji\ iiill uj^ <^1 L. 

• L. — aLj 4jI^Sj A(q i9 a) — c ]• cJUnji JS • 

. L t — s 4JaL*-a11 UjaJ q t e F o-* • 

. Zy■ — cc \ P JSjuJLj L = P j L — CjV aL*_a1I ^ja-v (jSaj • 

. Zvq C_jLoi^J ^jC. 4 _^jIa11 CjV aLx-oII 4 \a-v (_U • 



(jjjj£*&J! lj/J ljLsjjjVI . & 

. ^IVnA ^liXJ ^1 aVu*iIj 1^-flJj-sajJ <_jSaJ X? AAIajJjI ^Ia^Jj-uIj l^jlc- c_JajxA]l <_jSaj V CjL*A]I jiaxJ c*]\AA 

1JA ^)-o 4_xJ 4alaAi]l 4_1 jaVI (3 -0 .(3^^ ^jU. c — 3 U1 ]Ij U^C-Ajj 4 aAV^a!! CjUlIII <_^a £jujjI CjL*A]I aAA (jj£j 
(Jjuj>Luj 1^21 ^a Vi" n (Ja.1 (j- 0 cl 1 1) 1 l^Jj b ^ cL ^^ajJ! c- 4_m-all 4 JlA1I 

. jll ... aaabbb jt ab 

^lajoiJ 5^1 A A^2wj 4_^.UJI ^Alaj-aJjoj CjIajjjIj 4ijU-o <jl cl^b* 1 4 JlH1 (JSjAi U^Jalj ^jAjj 

4CjI^aII Ivu^ b q\ a£Ia1] 4_a1£JI di 3 - 1 ^ ls“^ (n C 5 A 5 ) 

3jU*il .4 jI^A>UI ^11 ^jljoA (jl (jpA ij oA.W^q 4AjIj H Clj^ 4ALq CjLqjjjI ^1 ^iC- 

.^aSaII CjIa CjUjjjVI 4_AUia| CjL^ISaI Cj!a s!aI ^\u«i tC jU_U1 oaa JU 
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ajcUj (ja sjUc c(Push Down Automaton) ^ cjUjjjVt" 

w P = (Q,q 0 ,F,S,r,x,A) 

Ajg Ac. • 

# A_AjldjVl 4_IL^J1 lA jC-Aj Q qa <11^. * ^ • 

.A.nl g. til CliVl-^1 Ia^c-Ajj Q ol ClaVl-^ Ac- • 

(jj* 4_c. jA“yA all^j AjA^jVI ! S • 

aja^j! • r • 

A:Qx2*xr* h>QxT* : ^ ^ ^ j~ JSSA ^ : A • 



l^jja CjLgjjjV I . c_ vv^a 11 (J^.1 Q. ° b ° (Jlld ^jjA^aII dlli CjLqjjjV 1 I (JllLa 

:aA\^\ 


Q = {s,p,q} 
q 0 =s 

F = {q} 

2 = {a,b} 
r = {A,$} 

T = $ 


A 


(s,a,e) -» (s, A) 
(s,b. A) -> (p,e) 
(p,b, A) -> (p,e) 
(s, 8,$) -> (q,e) 
(p,s,$)->(p,s) 


jj'v til ^ 1c. A-liLoxi A^oKll 5^.1j3 ^jc. 4-A^.Llll CjLgjjjVI A^}^. tcLcicibbb I A*aKll 


Stack 

Input 

State 

Transition 

$ 

aaabbb 

s 

(s,a,s) —»(s, A) 

$A 

aabbb 

s 

(s,a,s) —» (s, A) 

$AA 

abbb 

s 

(s,a,e) —» (s, A) 

$AAA 

bbb 

s 

(s,b, A) —» (p,s) 

$AA 

bb 

p 

(p,b, A) —» (p,s) 

$A 

b 

p 

(p,b, A) —» (p,s) 

$ 


p 

(p,e,$) ->(p,e) 

$ 


q 

ACCEPTED 
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CtoLv . * 


:JjVl 

lxxi]l llc.^ (J^la ^glil ^ AJa.31 ^gllall CjLojjjVI IaC.1 


0,1 


0,1 /5- ^ 


y 


v 


'±jr~ 


0,1 


^gjllll ^gllall CjLojjj>U sl^xill ^g.-rt"^]' ^g^Hall dlLajJ^Vl IaC.1 






:£ll2lt Jl>uJI 
aiJ ^ a*b* Ailll Ja 

:CJIaJI t-iljaJI 

l^J ^g Alixi Cjlxijl^l ^XXJ lljl^XlLl (jV ^Jtl 







^j£-qj ^1\ 4*vj*\ >.si\\ (Ja-vII 4_ijjj (J^joi 42l^j 3^1 3° 4.Cj)a~n a 4_a-A^]l CjLxJ ^ja 4_xJ (_j^ c^lii 


£-laaA (Blocs) £_LdULq 3 d ^Ja C 4 Jl 1 j c_Jjj^a Ll 5 ^ 4 (J\!ia 3 I (Ja ^ 0 « 4 jl 1]1 g4A ^I.^'n'uaAj 

4 j 3 jj-a]| 4 c 3 a]l Ia^c 4 j 4 c 3 al l5sj ‘^-^j tiihllj^ I 4 ^aj (Instructions) cjLsuIxj 4 c^a^a 3 ° l-aIj-g 1 ^ 4 a 
.(G rammar) La^ j^aj t^j^l 4cball icjA^A (J^ ciu^jj <(Syntax Rules) 

^Ac 3 a*j . Iajja^uj (J\*s.a 11 ^la 3^1 CjIaKII 3 ° 4AjaLa S4lc (JI'vaII ^atn 

<jl 3^1 4 _^_a^j]1 4JlAj ^aLaAl ^3jj-a]l j)"VAl £a 4ialjlA 4 ja1 i" A^ATi 3^1 (4_Ia^JI) AAjuiLoAI 3 3 ° 

I^^Aldll j)^ll *^- uiA ^! ^,'^‘1 . l^J l_Jjj £a 3*ai]l 

.G LlSjj-a \jj 4] ^jl • 

.CjI^jAaII ^ja m 4 _LuiLuj lip] ^jl (^yajhi • 


?G Ia4]jj 3 ^ 4jJll Jl m Ja 


*Uj 3 VI .(Derivation Tree) 3IS14VI <3^4 *Uj J\z. 3-aall IAa ^ 4jjlnj 34U ^j^JI JJaa]' 4 a1*_> 
4 c (Jj'vjj (Top-Down Parsing) cljlvi : (Jj'^'lj ^jaaII 3^9 S 4 lc 3^ s^jjAI &Aa 

.(Bottom-Up Parsing) 

jULLiyi Sjauh fjtfAaj j^JJ) . 1 

?l^_AI ^ a Vi" 3^1 iljjLJI (Jjuj>Lui]| ^ja-v LJSJj-ajJ lj3j^ 6 ^a 4Jl1 \jj 4] (j^ cJ^ (3 I^ti]! 

4-Ljujj 4.A)VnAll jjjL*43I £_a IjAaIaj Ia44c AJLLa (Jjj-aS 4_ilc lna,lj (JljjoAl I4A lia^Jaj 3^° 4a] 

VI J^n V CAxUI o4A 3 I 3 ^4 .ahV^ CjUl! 3 ^ ^Aj-aj 4 Ah^^ll jjjL*H 1I ^jl U>ijl UjI VI . 

V (a n b n 4jJ]l£) Ic-LujjI ^)A^I CjUA tilllA q \ 1 *^>jl . I^.xa (JaIx^j 3I 0^^ eLll*A]| 3- 0 "l>^* lijJa 

0 Aa JIojj .CjUlIII dAa (J1a 3 ^ 5 ^a jA£l si aI ^Al AAlaJI &Aa ^ IA1 .^JaaiA I^jc. jj u“ill 

.^^ajj-all j)^ll a^c.Aj Laj sbVI 

jaali a 

ja) Jjflll IV^aj Llua. 4_iJ^3t]l 4 jl 11I JLaJI ^A La^ c4jl11I SAWa 4_nj c4_*A (_^l 4 Aa^JI ^W^aI 

I^AIjII J^l ^c. 3 ^ Ia c_ 1 3 ! Cf^ A 15 .(Jc-la 4_iij (JxB 3 ° 1 _4j\»^ll 4 Aa-^.11 3 I ( nil 


Jc-li JjiS = 4Jaa 


Iajc-^j 4 JlUI -1-iua" 3^1 ^c-ljflil 4 .C.j)a~na 3 ° I<3^* 54 c.la]I ^ 4 A 39^3 54cla 3 ^ l-® _3^-4j 

.^3j Jta ^l j)*^‘^1 

I^Aj Lua JlaAl ^A US ^ja 54c !4aAj 3 I cJ^^I lWI o' oVI o^j^ 
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. ft<0*1 c4jJ] 4 _a3jj-£i]I qa ^jlilc.1 ^iLajjoij c^ldllj 

(JjAjuj ^1\ ^ln^j V tLoj-oC. 

:4_Jll]| 5J1 C.Ia 11 ^aljlikJjajlj ^r,j-s.x^3 (_^l .iJjd] In^aj t JHaII 

Number^ Digit I Digit Number 

_ Digit = 0111213141516171819 _ 


ijtall ^_k- aA\ ^a\{) Ajajj-all j)^'^ In^-aj cA-ilc-j 

:cjj=>. G = (V T ,V N ,S,P) Ajtljj AjL (Grammar) jajJI 
. 4 J 5 V 1 Jy^ll Ujt^j (Terminals) j a-Q j 4xjl3 jX. 4 r j; -' ^ 

■ V T r\V N - (/) tlua. (Non Terminals) j^jll 4xjU 4x^4^ : 

■SeV N Ci&sW >j = 5 

. G ~j3La 4_^al_iJI 4 : P 

(CT €: (Vj 'vjV) v ) + t.~’■J'v) <2 4ijoiLai Jl-ljiuil llj^aj 4_j| OC —> J3 4j3^i]| S^c-Ull J-laj :i_ajju 

P jtJij jAa. ^ y^LaJI OC jtJij . (j3^(y T ljV a ,) + ^p-) P aLuLxi 

.l^ia «j=JI 


jj-> ’i" 5/li-a -isAi] 

V T ={a,b} 
r V n ={A] 

G< 

S:A 

P: A^ aAb I e 

• 4 x^>UI S^JSJlll ^3 4 _xJa^)xijuiLuj La 3^9 (a n b n ) ^ 5^5 Lg-ill ^ 3 X 4 ^ 5 -^ 4 Jtlll 3 ^ j]l lj& (Jjaj 


jjl a‘i .'.* VI ajAojj . [} 
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* 

^^ j s^Lil La^ <. s^oli ^nlaj ^jc. ^.L (Jjli&jail ^Jl 5jLi>U ^^ j ^joJI Sjbil 

• n ^ 0 c_u^k jcJyjl! QA n (jjniaj ^jc. 0 jL ^Ifljjjjl ^Jl SjLi>U 4 ^>\i ^j 3-3I 


V T = {a,b} 
V W ={A} 

S:A 

P: A —> aAb I s 

v. 


S —» aAb —» aaAbb —» aaaAbbb —> aaabbb ^ 


* 

S —> aaabbb 



: ( _ s ij La£ li* UuIjj ^gull Aiill L(G) u_aj*j 4 G — (V T , V N , S, P) ^jy-^ c> 

L(G) = {w e (V T )* : S—» w} 


:u_& cr^' Sj^ill JISLSVI 6 G = (V T ,V N ,S,P) i> 

.S 3*3^ jA Iaj^. 

. £ 3*3^ Vy C5^) 4 j3*n3l 43jVl 4-C- ^_^A I^Gj! ♦*♦ 

• C5^) 4-1aH 3I 4JaJjgj^ll 3^°^^ 4-C.J) <Q > <Q <^A Ia3ic. ^ 

13 j 13 .via.ll 4x. ^-A (x S.Vto.1 43131 .via 11 ♦♦♦ 

a^P lv ..,(3 n 


4U>U jliLil ajLc. J£ Lau jut Uljuiul lil (Leftmost Derivation) lyluy jlSiiVl uj^j 
.aJ AiLuUJI ajitlalli 4laaJI sua jLu ^>^1 ^Jc. (non terminal symbol) Jaj^jll jujll 

t Auiuul l Aiaail jliuil Liac. Liu ujt ^Uljuiul lul (Rightmost Derivation) ILuaj jjlSiuiVI Oj^ 
.a! AiLuliall iJitUlli 4_LuJl sua juuu ^..Al ^_k. Uj^all (non terminal symbol) A ..^! 

: Jlia 

I^Jlull J)~>j]l luul tj^ul 

f S —» aTb I c 

G = ({a,b,c 1 ,(S,Tl,S,P),P:| T ^ cSs|s 


:Aullull ^ .*" ^^a (accacbb) 4 ^KU ((_£)Lull jl ^iuul! jliuiVI Q& 4uta.ti]l) jlsUiVI 

Leftmost : S —» aTb —» acSSb —» accSb —» accaTbb —» accaSbb —» accacbb 
Rightmost : S —» aTb —» acSSb —» acSaTbb —» acSaSbb —» acSacbb —» accacbb 
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s 


a 



/ 



c S 


c 


S 


a T b 


S 


(jliljl * j 7- £1 ^ja ^}j£l jl 'ij^ i jjliliujl ,'n .li]jlij <c- jjJa^ a]I A j 3 ^)■ ,1c.! > -'"i'i 

;Aall!ill Ajjajjill AltaJI .lc.1ji ii.Ul i(JliLall (Jj w.' i^*- 3 .(Ambiguity) O' 3 aJSJoaj ^K.* Jl oilA 


S -> if E then S 

I if E then S else S 


: AlaaJI jlsioiLi llaS (Jl^ 


if el then si if e2 then s2 else s3 


•a 


n&llzh ^ ^glc. 3*lui t< 4jUJI jlsUi^l Ajli. ^gS 


liil 


la. Lad 
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el 


if 


s 



E 

I 

e2 


then S 


I 

si 


AJU. ^A1 ^^1±aA\ J)\^ (jlj ^J^a^AC- AJU. ^JA <jl ^ \x j Laa 

^4C- i^j£- <jl liA cl>^J . (J^UlLa^ I 4 j\aC< ^Iaj| 4jgj^sj J) mil 1^3 c_±*A-aJ 

. (j^x.)W l;.>!*, n 4_L^.lJiLo if 4 aj\*M ^±1 S^C- -^ 39^5 (Jl^. ^ 4 _*u1xj ^Al 6 lSe 4 _xu1xj 4jxjj] 

(jJP'l'jSUl JLdiLltl jAjj m Y 

aA& xs-i 4aa^a J1^a31 i^jxi ^4jj1^j ( ^-A*^jAa]I ^ja AAjoAja (^JA^-aII i^A^jjaj 

cillj ^ja IjLuol 4 ,\a-^. ijy i.1t c-Lij ^Ac. (J\*\ a!1 (_)aju I A] . l^j (Jaju 4_i3jj-aAl UiSj aAa^AI 

. 1^j 3 jiayiC. CjV^- *^3t^9 ^4c. ^ja Ji£la]l ^Ac. (Ja*jj c4_i9jj-<aJI JicA^a]! 
^jlj-uj j S 4 j1jlAI J)aj ^ja ljuj (Jjlj (Jj\V*i ’ ^jjjjjIaa ^Ac. 4,\a ~^\\ 4 \j\ Vi ^.9 ^3jj-aJl (JI^aII -1a!1*_j 

^g-x-u.uJ 4 \a~^A1 ^ja Iajj .IC-L-a . 1 ^_±a Jf^Vill C-JjD^aII 4 \a^ 11 ^Al Cjlililuj>U 4.flj 1 

Jl I Ju^-aj c IflSj 1 ‘iC. ^)_ixj ^jAI 4JaJjoj^11 J^a^IIj c4ajI_^JAI ^ja 4A^jol1a]I CjI aKII (Jja^A-a 

• S 4_jJlAI J)aj 

JL*tovlf (jleto O* dpd&f ■ r 

a ^gJUAJj S 4 _jI Aa]I J)aj ^ja Iajj {Jjlj t ^>a j£Ia11j 4 \a^11 ^UlLaI hjy^ c-lij iIaiaII 

.4aj)\Aia11 AAa^A] Jl i Cjlilflliai>lA 4inlaj 

Ailal .a 

: JajjA j J)aj X *>" n*vj c4j!^JI J)aj S _j-^ <*" ^ a_jAIhA\ IjjjA Ju-aJI 


S —> aSbT I cT I d 
T->aTlbSlc 










a s*l^a .S s^SJI jia. £&1 .w=accbbadbc ^ 

S^a^aJI $.Ijj 4j\*ac. 

W=accbbadba 



a S b T 

I (_£)ai 5j))-vv C 4 <qK'1 Ss.Ij5 (_£JJj 

W=accbbadba 

s 



:^JJ I^Saj 


c a S b 


d c 

. Jlldl 4 j1^J ^3 SJJ^aII 3c.1^a 1I ^3b d.lc.1^3 4 ^ l jjj\ ^ ~iaj lj^3 (Jj lj.l2kj lijl LdUa 

- L-ij , ,w) J^aj A 1 ~ t4j|jull _Aj (jc- S 1 - t4jlllll Jic.[jall Ljj^l tjSil JULail 


S —> aAb 
A —> cd I c 

w=acb :A-ai£J\ JjU~ jup 


:^Ac. J. l! s^-xdl c-A d j^ r - ^3 ^11 a 4 _a 1£]I Sdj3 ^3 Jjs tS - 3^5 s^^dl ^_yA 


W=acb 


s 


a 



b 
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Aj.wll .(A“>c) jl (A->c d) I'ljlc. jl£ lil Lcus <jl c Ale. 

O^c-Ull (.** n^JI C. Q All ^gjj AJ l\ g .1 Ac] J 4 (b) L 5 ^J 4 A_i]Ui]l 0^.1 jfl 1 A c__l^^jj 

o^c-lill .iixjj qAII ^JJ j^ j^kx^a'l (J£joJIj ^-aVl ^ ^j j (A->c d) 

. Jjlajll kdc- ka!£ ^Uj j\ J\ (backtracking) >■ ilaJ I JJ Sij*JI .k^Ull 


:4jljull yzj (jc. S _y?*-7? ‘~tAjltill jic. 1^11 lip] jSj] :o]la]| jiL-d 


•aSblaScId 


w=aaaaaaadbbcbbbc :dal£]l Jjkj jjjj 

<^3 V) l&iJiaj «^_iU~,,.’i (j] cjd>U . l^ia jVJajVI 1 -la-j ^i]l Siclflll Aj-laJj] iia ^tiaj liji li& j^c-djll j)a 

- A ^ * ^]1 SyajiJI (_]j 3 dil^a Sic. c-lj^l i_d| i^xj ^ifj lilxaAa laa (jlfliiiVI kjlgj 


j F 1 ~j^-j; tkjliJI Jytj (jc E ^)A*J 


■ lj l. . ■ s. s-> n~ ^i]| jLJls3l icljill lijil jSil :jj(>jl Jlld! 

:J=LCuj j_jaj T 


E^TE' 
E'^ + TE'le 
T^FT' 

T' —»*FT'I 8 
F —> (E) I Id 


4alaC ijin ^gS UicLoij 4aa-^iaj 4-a.lca lijlaj tjjjLall l_ 1 _j 1 luVIj 4xjlaa]l ^_iU~i,,. , i V liji liA j’o-djll j)a 


,<Jakall 

: laJ l$ai.li 2 ia ^i]| (Jjlill Acadia i_y ai-lj (jl 1 jikaj 

SiflC ijc. 4 aa*a Jjlfiluil 4 i^>a ^ li£ JIa da 4 aK Sd^Li lia 2 JIa di! JiAa JjiA ^1 ^Uaj 
. SjaJi]| «.Uj AjulaaJ UjLuaI ‘ -iaj ( _ $ i]| jaj]| li^j 4 ^<aliJI sicltt]! ^ la t bji »j j-ajj dliaa S^Auil] 4 .n»,a 


LL(1) JjiajJl .b 


4ac.V_SI j ^a )]| A. c^-a^-aj ^(FirSt) (^ijVI ] 9 a )]l Ac^aa. ^ I (jjoc^aa. ^ L-jLuiaJ ^ laaJ ^ (Ja]aJj]l liA kjliJ 

- ^ - J^ 13 aa]l (Jj-^a]! 0S' r ZJ^y dl (jjjiA ^Ic. .lajxi u j (jaj t(FollOW) 


j^ajll ix; 3 ^a FirsKa) lF- dlc-u t 4 bj > uj JJAJJ Aaljl j>aj 

a — ^ aP :CiCJ a 4-lljV! ) »a >]l (jc ' “ jj ^>c.) ^^jxaj . CX, (ja Aiiuiail kLaLoJI l^J iiij ^ill iJjVI 


: (First) crSjSfl J>»jll <tjaaa 

(ja Ailja OC 4kaLuj (J^ l]aI j)a 


. d laj L ..JJ 4_l]ji j 9a J (ja id ja 4-Lad; aP 


: Jlia 
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S —> Ba 

< B -> cP I bP I PI s 
P^dS 

V 




S—>a => a e First(S) 

* 

S—>cPa =>ce First (S) 
S—>bPa =>be First (S) 
S—>dSa => a e First(S) 




First(S) = {a,b,c,d} 


First c-tij OYY 


Repeat 

if (X is non terminal and X —> Y,Y 2 ...Y n is a production where Y, is either terminal 
or non terminal) then 
{ 

Add elements of (First(Yi)-to First(X);) {e} 

•fOj e [2..n] where for each i e [l..j -1] we have e e First (Y ; )) then 
First (X) = First (X) u (First (Y j ) - {e}) 
for i=l..n do if e e First (Y;) then Firs<X) = First(X) u{s} 

} 

if (X is non terminal and we have the production X —> s) then 
Firs1(X) = Firs1(X) u {s} 
if (X is a terminal) then 

FirsKX) = {X} 
until First(X) has no changes 


: Ailal 


E^TE' 



E'^ + TE'le 


First (E) = First (T) = First (F) = {(, Id}) 

T^FT' 


First (E') = { +, s} 

T' —»*FT'I 8 
F^(E)IId 


First (T') = { *, s } 




S —> ABC 


First (S) = {a,b,c,d} 

A —» aA1 s 


First (A) = {a, e } 

B —»bB1cB1s 


First (B) = {b, c, s} 

C^deldaldA 


First(C) = {d} 


:(FollOW) 

1 j )]1 ^ r -J ^ a tFollOW(A) ^ r -J ^ a dla. y i A A 1 Jyy d?^ cA 

* 

• S —^ aAa(3 (jlsiA (_$\ A dy-'y j gbi jl jS-aj 

: Jlla 
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c 

* 

S—>Sc => c e Follow (S) 

* 


fS^ScIBa 



\ B -» Pa 1 bPb 1 P1 s 
[P —» dS 


< S—>dSa =>ae Follow (S) 

* 

* 

a, b, c e Follow(S) 


S ^-bdSba => b e Follow (S) 






Follow aSI c-A A_L^ji^. ^jj£jj 

Repeat 

Follow(S) = FolloWS) lj{$}( where $ is the end symbol, S is the starting Symbol) 
if (3 A —> aB(3 where B is non terminal) then 

Folio v(B) = Follo\*(B) u(First(P) — {s}) 
if (3 A —> aB where B is non terminal) then 
Folio w(B) = FollovtfB) u Follow! A) 
if (3A —> aB|3 where B is non terminal and e e First(f3)) then 
Folio w(B) = Follow(B) u Follow! A) 

Until the sets Follow has no changes 


:<Qlal 


E^TE' 

E'^ + TE'Ie 
T^FT' 
T'^*FT'l£ 
F —> (E) 1 Id 

* 



S —>aSb1cd1S Ae 
A —» aAdB 1 s 
B^bb 


Follow (E) = Follow (E') = {$,)} 
Follow (T) = Follow (T) = {+,$,)} 
Follow (F) = {* $,)} 


Follow (S) = {b,a,e} | 
Follow (A) = {e, d} 
Follow (B) = {e,d} 


«.IL 

4 _Aac. a ^ laJiuiim M Jj-la. c-Ual 

for each production X —> Y do 

{ 

for each (a ^ s) in First(X) do M[X,a]= X —> Y 

if (X —> s) then for each b in Follow(X) do M[X,b]= X —> s 


E^TE' 
E'^ + TE'le 
T^FT' 

T' —»*FT'I 8 
F —> (E) I Id 


: Jlla 
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Id 

+ 

* 

( 

■ 


$ 

E 

E->TE' 



E->TE' 




E' 

T T —>FT' 
T' 

F F^Id 


E' —> +TE' 


T'^e T' —>• : 


T —»FT' 


F —> (E) 


E f —> 8 III E f —> £ 


T'^8 T'^8 


: Jj'Vill Jba 

Aj>Ij £->a (J^alx.Tuxi .(Jjlll! L-Jj1xjjIj 1^,Ajjj 4 l.Q'v 

^2-lc. wp ^>^3* Jaj^juiU (> *‘u < v i j ($ Vn ^Word • 

Pop ci4^* J) Sp ^ ($ cJ^ 0 4_JajiiLoj) j*_a 4J StciCk • 

^J 1 0 ^x*Vi»H (._‘Ijt/i'i Push(c) 4 *oAj^J1 4_a^]1 ^*£ 3 *^ Jajig*ij 4_-ak]l t» S.W’i 

WjII ^ uxi \\ ^joj3-d^ o-^J! 

3‘qilxxiH S^all ^9 4_jl_nj I_Lo9j (3^ (Jj^^ • 


: JU! cJSxiJ! Jc. W iL*> Uj^ 





























Repeat 

{ 

Stack[sp]=S; 

X=Stack[sp]; 

a=W[wp]; 

if (X is non terminal) then 

{ 

if (M[X, a]= “X -» Y,...Y n ”) then 

{ 

Pop; 

for (i=n down to 1) do 
Push( Yj) 

} 

else ERROR; 


if (X= =$) then 

if (a = = $) then ACCEPTED 
else ERROR; 

else 

if (X = = a) then { Pop; wp=wp+l; a=W[wp];} 
else ERROR; 


Until ERROR or ACCEPTED 


E->TE' 

E'—> + TE'le 

T —^ F T : sliiiij ^ 

T' —>*FT'I 8 
F —> (E) I Id 



Id 

+ 

* 

( 

) 

$ 

E 

E^TE' 



E^TE' 



E' 


E' —> +TE' 



E f —> £ 

E f —> 8 

T 

Th>FT' 



Th>F r 



T' 


T'^8 

T' *FT' 


T' —>8 

T'^8 

F 

F^Id 



F —> (E) 
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:(Identifiers) cA ijx-« c j b j a du*. a+b*c$ Jlaol 


Stack 

Input Word 

Rule 

$E 

a+b*c$ 

E->TE' 

$ET 

a+b*c$ 

T —>FT' 

$ETF 

a+b*c$ 

F^Id 

$ETa 

a+b*c$ 


$ET 

+b*c$ 

T'^£ 

$E 

+b*c$ 

E' — » +TE' 

$ET+ 

+b*c$ 


$ET 

b*c$ 

T ^ FT' 

$ETF 

b*c$ 

F^Id 

$ETb 

b*c$ 


$ET 

*c$ 

T' —>• *FT' 

$ETF* 

*c$ 


$ETF 

c$ 

F^Id 

$Etc 

c$ 


$ET 

$ 

T' —> £ 

$E 

$ 

E' —> £ 

$ 

$ 

ACCEPTED 


LL(I)^I) .c 

Cjljlik, ^4^.1 ^s lAli j)*\ ill V 

j.^ 11 S4c Ui3l 54c.Is 4 j4^j ^j-Q ^j^Ti t 5 Aj*vj 54cIs ^jc Ljajc 4cl^ftll 44c 

. Ia4LgjcI c. > vnj ^l3l^ 

V j)*v t31 14^3 ^.n-all 4 c1^a31 (Jj 4^. (jl^ (JLa. ^S 'LL(l) Xx4ill (j - ® 3^^' LS^^ 3 di3 

lLL( 1 ) ^4xjj .544x1 a 4cl^3 54c 1 ^j 3 dlljLl. ^Ac (_£^j 

(^aLoVl ^-3j i\j>I j v £-9j2 4cl^fllS (Jgjl * *ljl| I ^j-QJ jl A tl \ \j I^A ^joia3I^ 

(Left scanning Leftmost derivation with 1 look ahead symbol) 
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: Jlia 

LL(1) Ja-<u31 ^^4 ^^lll ^^431 





S—»if E then S S' I b 
S' ^else SI £ 

E^b 


First (S) = {if{ b} 

First (S') = {else, s } 
First (E) = {b} 

Follow (S) = {$} 
Follow (S') = {else, $} 
Follow (E) = {then, $} 



b 

else 

if 

then 

$ 

5 

S^b 


S —»if E thenS S' 1 b 



5' 


S'->£ 

1 S’^ else S 



.V' ><<; 

E 

E^b 






i—lLjia. ^)JC. 


jjjJlaJI (_J.la.lj . a■ (_jl 'A •vj" i 

.(left recursive) isj t-y -i 

JJE. 4jjLjj dt/LoLsus 4j hi 

.(not left factorized) 

• LL(1) i-ill o- oj& V 


(Left Recursion) ijjiuuli .d 

4j3_>^a S.lC.13 4_S A JaAujj 1^1 " JJ-ltjja (_g^_)^all jll (jjflJ ILJ3JJXJ 

A —> Aa: a e (VuT) * 


S^ScA\B 
A —^ Aci I £ 

B —> Bb\d\s 


:h,Jsu 

^Jaj 4jJ^adl i ilaJ 


f A —> J3A' 

VA : (A —> Aa I /?)<=> •! „ 

[A —^ 6&4 I 6* 

^ i 4 JlHi a!jj n*v ^L^yi j^, t\i LgLgj j)*^ aH (j3^5 











































; ^ lr- 4 j 3 jLA 1 Jgjdaoj I (Ju^ 


S^ScAlB 
A —^ Ao I s 
B —> Bb\d\e 


■* 


S —» BS' 

S' -* cAS' I 8 
A ^ A' 

A' -* aA' I 8 
B —» dB' I eB' 
B' —»bB' I s 


- ^ja A A laJ■ tij JyD 4_i3 li.1 1 j]l U_3^ ILJAJJXJ 

A->Aa :ffe(VuT)* 


IjjUjjj d.}jc. 4j£]j t4jJc.l3j S A> ■■ A 1 -ijxuj (jJjLuij j3l I(JULa 


S —^ ArzI b 
A —> Ac I 5c/ I s 




5 —^ Acc —^ Sdci 




:4jlhll (jjdaj AjjLjliII - a' ^ ’ 

Make an order between non terminals: A,,..., A n 
for i=l to n do 


for j=l to i-1 do 

{ 


Substitute each production of the form A i —>A ( a or 

Aj —> (3j I... I P p by a production of the form A, —» (3,a I... I P p a 


} 

Eliminate the direct left recursion of productions of A ( 


- ■ Av I ~4jdll i_y^ -djj L " ^ ^ 1 ■ ^*V t LaL<ij j31 


S —^ Aa I b 
A —> Ac I Sd I £ 




S—>Aa I b 
A —> bdA' I A' 

A' —> cA' I czczA' I £• 


: t Jlia 


S —> 5a I E5c I d 
T —> TbT I £ 


■» 


5->r5c5'lc/5' 

T^T' 

T'^bTT'\£ 


Jdll JIUI iibl : t Jll» 
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:S_>auLia jAC. AjjLuy 4jJ_jE- j (jl (j^AJ 4_iAjj[jiAI JjjAaj Asuj 4j| IjA ljj£l 


S -> TScS' -> T'ScS' -> ScS f 


t E -^ £ S-^E-lii 'JJ dil-i -3 C_LLuA 1 Jl^XJ 


. A —^ £* AsaaII ^ja .lE-l^ IAI aA AaxJ V :4^A 


A£jjAloA 1 AjjLuiAI Lj^LalaLaAl i—A. aA ,3 

AjjLuull l1l/LaIsia]I L-aIaa^. 4a1aE- .Ie-Laa iJlEAjflll 33E. (jjj jl_)3 jlijl (JAlaAl AAAjjl^i. ^Ac- tj_jf£j Ia-Iae. 
. _', . AUjls ^-aaaj Laa VIasa£I ^ja^I dlaA^aal 33 Aa^AI <Jj£a Iaajj AjAll Al^jl ^jAi.13 ^3 A^jaaoaII 

:U\d\\ jtjjaSI yjfi!:Jli, 

5 —> bacdAbd I bacdBcca 
A —^ rrZ) 

5 —» c£ 

C^... 

£->... 


) 9 A j £ Sc-lji IAe. t-jEkpj tt—ijUAill 4_3 j*_a] j ». S Jaj (jjjUik. Ijj3 (jl a3& 

C > J* ^*s.U*i (A ^-o^l ^JL^ di li^ lil ^-g^I C5^1 

Lq UjlniJ l nlc- i-_L 2 kjjj S-Ic-IaII 4i^x-o 4 j1aa11 ALg Li] V IaI *(B )-a ^-g^I *ULa.) 

• LL(1) Ja-oill <j-G ^^A]l J4* A 


^^3 (CjA^kj 3^- *L^jJjoia]I Cj>LgLx-g]I L-jUa)*v ^A-qJ 


ridbll 

for each non terminal A do 

{ 

Find the common prefix a ^ s and substitute: A —> a,B ] I... I aB n I y x I... I 
by the two following rules: 

[A —> aA' I y x I... I y p 
[A' —> B x I... I B n 

} 


S —» a£M I aEbSeB I a 
£ —> £>ci5 I bca 
B -^ba 


* 


S->fl£MS'la 
5' ^ eB I £ 

E —> bcE' 
E'^B\a 
B -^ba 


: Jlia 
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. A —^ £ * (J^j.*i11 (_y± -Ic-l^ii (jpA lAl^. u 1 ^ "*' i ^1 L^ 

(J«1±1uAj ( A —^ £* (J^aJl S^C-lfl iAViaj A J>aj (J^ (J^i O -0 1 ^a 3 I j)l t_aj)Vi ^^3jj-a 3^-j ^3jj-a 

. £ >j]L 4j3jj-a]l ^C.1^a]| (_j-c S^C-15 (_^l (_j-q 4 j'n^jll 4_^_^JI ^j-ojJa 4J 

: Jlla 


S —> ciTb 1 < 7 /; 1 <7^7 


5 ^ aTb 1 fl£7 

r —> bTaTA 1 torA 1 &r«A 1 ZpoA 


T bTaTA \ e 



U ^aU\b 


^UlLuit .g 

I j)*v ill Oj& <jl i^£' LL(1) ^jAl (3 -0 J)^a1 6 (JjlAI (Jj\ Vill 4 jl-aC. 4 ILqj 1 (j^AJ 

.^^Al ^-Oj-£ ia ^Jl J^au ^y>\ 3 A 3 t _j-a-olc. jX. . 1 
^J| (J'j-.Ml J ’w",,.' 1 (i~ ' Wj; I il) ijjLjjll 4jJ^*JI 4 JI 3 I jxB Cjjai J ijjLuy 4 jJ_jc- ^-Ic. V • Y 

.4jjUjy 4 jJ_je. jjJ ^ ^' 

Jjijuj ^!a ]1 ^\ Alij v>-^j 111 ^ ^AjiAAl AjAjll 4 j>L<iIx-<i 1 —Aj.j.i^v Jxj j■ ^ '^ ^ .V 

. U&lj^jj 

t34j (First & Follow) 4 ia.>UI j 9 ^>1 i 9 JjVl )^>ll i_iLna. j*j ^c.(ja!I Jj-ia. «-Uj . £ 

. 4_lAajliAI L-jU 31 CjLl^jI^. 

. (Jjljll AjAAI ^jl> ^UmLa 4 _i1ac. Ay! n .& 


: Jlla 


E —^ E + E I E >{ ' E I (-E) I Id • (_>ii«lc. ^ ljliic.1 . 1 


E^E + T\T 
T^T*F\F 
F ^(E) I 


' ^- .’ ■ AjjI. " CjULutil 4_u_Lo^l]l ^■ja^L-al.i AalSjA i_iaj . Y 


E -> TE' 

E' +7E' I ^ 
T ^ FT 
T ^>*FT'\e 
F^(E) I kl 


il 4 jjLuu1I 4jJjx 11 4_ixijjl^^. ^niaj ^aJJ .V 


L_jLal^J O^U^’l'vV 4_^.l^. ^)Lau]| LL(1) ■ J-a<Q ill J)^k'lll 1 - 1 A ^jl Ja^VyLj .£ 

.4-Ac. SjjJjLi-Q (JjA“iH 4_i^j^)l^^. ^iilaj (j^AJ 1 jll c 4_jjjoi^-q 1^-jV 4 £j2Aa]1 4jjLujA1 Cj>LoIjla]1 
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aA^1\ (JIaj ^ii]l i3\jj^^ (>) cJjaVI (3^ ^ 5^)>^ e-lA ^Ac. 4_Lac. Iai^ ^c-L-all (Jjlvill juuaj 

.^4jIaa 1I 3^j) C5^1 (^A?u*i_fril JlA 

i Laa ^jjiAac. i> _ 5 Ac. IAa ^jSjj (Shift/Reduce) ^-A^uj ^a^LolaII ^l*JI ^xull ^^c.aj 

.^LoVl 4 _a1^ _j!aLgj 5?j^)Aa1I aIa^JI C5^ jLJI _j j joJaI 1 ^^,tn ^'i*,“ ‘(Shift) a^uiJI .iii 

u' 0^ C5^' J5*J^ C> 4£.ja*>a U^jJ*l (S^ t> ^ l^-N \ 1 ^ 1 1 -S- I <a A :(Reduce) jAia.VI .iv 

.S^c-lall aO& o^s 4 jjA' 4_i^. till ^3 ^j^Ua]! o-A' 3*^ *^-^5 3^-W SJC-lfil 4_mxsJ 4 L*iL^j 3^ L "~ 

u=aaacbaacbcbcbcbacbc :4A1I oAlj 5 ~^aSbS\c :s.^AI Al :JA 
■ uaA ji Ay V A 3 - aaacbaacbcbcbcbacbc : 3jVl AA' <> l-A • 

■ u^a j -ViVi ji Ay V A 3 - aaacbaacbcbcbcbacbc : All AA' AL v ^.-i • 

■ uaA j-o'^'i ji Ay V A 3 - aaacbaacbcbcbcbacbc :<A^' AA' A4 ua^ • 

. 5 —>c J2j >uaji-i o' Ay A^ aaacbaacbcbcbcbacbc :<A' AA' sUA < -_ia^j • 

.uaAa px^ikj o' jA V A>- aaaSbaacbcbcbcbacbc : A lA j ^V' • 

• uaA p^ikj o' jA V A>- aaaSbaacbcbcbcbacbc retail A' S A4 • 

. AjLAaC- £-jljj • 

. 5* —>c ju ilij jl un aaaSbaacbcbcbcbacbc : Jtill asj-JI aUjli i jWi • 

.t-ta-A p^iLj o' A V A>- aaaSbaaSbcbcbcbacbc : A As A • 
■ A ^Ai^j o' A V A 3 - aaaSbaaSbcbcbcbacbc : A" A' S A4 • 

. S’ —>c <jij j-aisJ o' Ay A 3 - aaaSbaaSbcbcbcbacbc : All AA' A^ • 

. S ~^>aSbS J2j jAij o' Ay A 3 - aaaSbaaSbSbcbcbacbc : A lA A • 

. i_txuija j^aikj o' Ay V A 3 - aaaSbaSbcbcbacbc : A cA A • 

. A k CjLAac. ^-jljj • 

.S^>c JSj ju alaJ jt aaaSbaSbcbcbacbc :^bll aUjli i .iWi • 

. S —> aSbS jaj j^aiaj o' Ay A 3 - aaaSbaSbSbcbacbc : A lA A • 

• S’ — > a5M Jjaj o' Ay A 3 - aaaSbSbcbacbc : A A A • 

.uivA ji Ay V A 3 - aaSbcbacbc : A A A • 

. i — j> .-riVi o' Ay ^ A^ aaSbcbacbc i^bll i_aj^JI sAV *■ . • 

■ S jaj j^aiaJ o' Ay A 3 - aaSbcbacbc : All AA' »A ^a • 

. S —> aSbS JSj o' Ay A 3 - aaSbSbacbc A^l AA' • 

.A o' Ay V A 3 - aSbacbc : A lA^ 3aj • 

. (_t^uui Q ■ j (jl A<y ^ 1 _aSbacbc i^lljll >—a^-ll l _4 • 
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. L-ia-uui jl j^AJ ^ V nx aSbaebe I^bll ^-Sjxil filxjll <■. lx>-n 
. S —> c (j2j jj- t a SV j jl j^Aj Jiux. aSbaCbc : JLil ^pJI &lx3li >. . i-^a'i 
.i_ia»uu 2 j>. ViVi jl j^«j V v n^k aSbaSbc : ( _ s ic. jj-ajxj 

.t-IA-mjfl j^aixj jl j£aj V <■“ua. aSbaSbc I^bll >—a^xil alxjLs L.ixt-n 

• S —> aSbS Jjsj j—alij jl j^a-i diri._aSbaSbS : JLil ^-a>xil alxjli a . ix >- n 
• S —> aSbS (j 2 j jwfliaj jl jS^j ainx aSbS :^dc- J> --iVi° i 


.A.'vj'v^a Ifrldxlj 11*2 <^131 AIaaJI jl ( _ s i*j Iaa k 4j|ii]| Jaj ^1 Jj*ajj S JaasoS jaVIVi 


4_i1aC. ^A (_iAj £ ' i °J? *- - J ^^ill A llajt II di^x-a ^3 IjJC-LujJ (Jj-lx ^Ic. (Jj ■ II jjj j > ^11 jA jj^j > a c4xjidlj 

. ^L-alxl d jLc-- . 1 


:LR VOjLp> -a 

(Leftmost scanning Rightmost LR -kadi jA ^xd ^1 J^xll Jdxjj dijjkll ak ^aa^ 
l^_i3 ^aj iy ^3 Id ^ajaj cjjxj oli diLajjjl jc- ijLc. 431x31 ak ^3 (JjAxll jj^jj -derivation) 

4_iLaC. jj - j 1 ' ■ —»*■»■ I 4_ii-a£. jl ‘ " 4_d-aC. yt> 'g°J.'3-i~ i_1xj ^j]l 4_Aa*JI Ojld LI IajS 4i^*_a clk^x 5aLd 

: Jtdl LU.d l jjj Jj^dl 


LH 






ijj^i j>y3i 


io* 2 j' 

jluaia-VI 4dlx 


JUI! 41a* 



4jLt1l AjAxj — Y 
(jlualxl j oXuij 




ACTION 


GOTO 
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fijicJjia aj,5j3 Jtill j)->ill LbJ -ij^- 0 lD^- Cy* l.'. 1 '^*" Aj^jjl^i 3^ *• ‘■• 

; IgJjjaJ: Ajjj AlaaJlj 

f(l)E->E + T 
( 2 )E -A T 
l( 3 )T->T*F 
1 ( 4 )T -A F 
( 5 )F —> (E) 

[( 6 )F -A Id 

u' O^J^J •$ y*J} C5^1i [a * b + C $] I fl'j'Vl AJJJ ^g^Sl aL^. jl (jiaj&lj 


€-lij AJUjla 3^ ill £- (Jj.1^. 



ACTION 

GOTO I 

Id 

+ 

❖ 

( 

) 

$ 

E i 

T 

F 


S 5 



i S4 j 



1 

2 

: 3 

1 


i S 6 | 




Acc 




2 


j R 2 1 

R 7 


R 2 

j R 2 




3 


: R4 1 

R 4 


j R 4 

R 4 | 




4 

S 5 



j S 4 



8 i 

2 

; 3 

5 


R 6 

R 6 


i R6 [ 

R 6 




6 

S 5 



! S 4 




9 

i 3 

7 

S 5 



S 4 





; io 

8 


S 6 



S 11 





9 


R 1 

1 S 7 


R 1 

R 1 






: R3 ! 

R 3 


! R 3 

R 3 ! 






| R 5 1 

R 5 


i R 5 

R 5 





(UlliLa ^gi E) 3^11 AjIaj 4.iL $ ^.^all 3*_a ^-^ 1 -^Y 1 ^gi ^.^all Ci^A • 


I_ijl (_£\ 4 JUJI £-\ 31013* ^ >) JjVl aJUJI aJjj 

(lulU. ^ . fij) aIUII ^ la! 

. ^a a^ ^IjYl 4 -a1£J1 ^1 3 I 3 J 4 1*^11 4j!aj 3 -J 13-0 33 ^ * 

3*^ ill _J34J (J?3^1 L$f^J La^ . 4 _i 1 L^J 1 Si 4 ilaJJ (Jj.wll (j^Luull L$j)"''^J • 

:(iUaJI 4 j!^ l*JI jA^ ^1 4 JS 1 I) <> aj i*l£JI 1^1 Si 4JUI <> jjUd • 

: 03^j k ^SjSIj 4ia>a 4Aac. Action[si,aj]=Sk 4iUJl cgs^-a ^\£ lil o 
.Si 4 JI^JIj o-jSJI (_^Ac> 1 ^gJl aj 3*3! 1 a 

.iUaJI ^ flaVl Jl 5^13 4 -aK ■ 

:(jj£j k ^lU 4iaj-a jL^aikl aAac. (j\ Action[si,aj]=Rk 4jl^J! 3^ lil o 

.(k S-lC-Uill 3 * 4,jij*i11 4AjoiL*i] 1 llA^^C. CjUL^. ^u.^all CS - ^* (3° *>, en a 

3 tk 54c-lal] (_^)Luull 3 - 3 ^^ 3 ^ an C — J ^ > GOXO[Sm 9 an] iS f^ 3^4£-a]l C 5 ^S a 

.4jjjLoij! 4jl^c. JuAjj Jljlj ^g_ic.l ^5 ^ 32 ^ 3^1 3 - 53 ]! 3 A Sm 

.4 '^,'1 4jI^J C-U^ ^ LalUa (_J-a*Jl 33 ^ * 
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Jjiviii fUj .b 


. AjjjAAl ^9 A la.laJiuA JllJI ^Ac. IjLaJC-l Aajl j\—" H 


j)-> Lj-i] 

E^E + T 
E^T 
T a>T*F 
T^F 
F —> (E) 

F->Id 

v 


£}<Ay ^Ac. (_^J^J 

:E 


AAA Ijj^l CjYAAI Aius-,\ jAjill ^UUvi.,i Al (jYI (j^ajjAioi 
AAAAI ^AAI (_)£jiAI jcA^AII ^ ^ ^AAij *\A j^>11 Ss-p^ 


E —» *E + T 
E->*T 
T^*T*F 
T->*F 
F -A *(E) 

F —> »Id 

v 


: 4 AA J£uU (^1 <j^> 4 X-J.aa-a ^jAfr JpleVI _ Vjl 

byc*Aj 4 AAAAI a A ^Ac. Jj^AL/I a-jA^v tl La AAA ^ill ^_y* Ar^^y s, LiA A 

:A-AAI Uaj Closure(I) 


.Closure(I) A*^ 3 I AAAAI j-a j^jc. JS. «J* 
A —> a • Bp :lAAAI <J Closure(I) A* j*Ac. lM t> ♦♦♦ 

^ ^ ^ j SJC.IS iJS JA |A* o 
.Closure(I) <A Sat ^' “A ■ 

■ A. U>| ' ^ Closure(I) i_pAI ^ ^ia. J^AI jj£ «$♦ 


1 = 


E -> E • +T 
T->T*»F 


lAj (3 jEuJ\ ^aAl ^a IjAtl 4>Aa9 


Closure (I) = <! 


E —> E• +T 
T —> T * *F 
F *(E) 

F —> *Id 


M aAj 


:4AA ^jAI 4AA A-« Jl&jjVI ljSjjju — lajlj 

i^Aj LA X Jyy ScA^A ^slj AlAj I k l£A^ AAA ^Al 1 AAA (JLAL/I A^xj 


I k = A(Ij,X) = Closure({A—>aX*pi [A—>a*xp] eI,}) 
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I k — {T-^T*F.} F _>jJI Ij - 


E -> E • +T | 
T —> T * »F 
F -> «(E) 

F —» •!(! 


(jx JliijVI U_J^j t>liLa3 


E -> E + *T 
T —» •T * F 
< T —> »F 
F -> *(E) 

F —» »Id 

v. 


: ur* 


+ A^>ll Sc-]y^ 


E —> E • +T 
T —> T * «F 
F -> *(E) 

F —» »Id 


L> JliijV' Cajaj jj£j l j±z. 


:(JjAaJI qa (j£;lwuil ^ l^alijl Uxuaj I _p3l CiVIaJI) CiVL^ «.lij — lollj 

_(Cl.y]l jA S L " V"**) S' —^ S c_LJai ♦*♦ 

I 0 = Closure (S' -> *S) ^ * 

'Ch y $\^l\ L Qx«oi ♦*♦ 

Ax. J AJL^. J£ (J^.1 4 4 4 

: A(I, X) ^ (|) ‘At*. J^j c> X lM u-“ o 
.ej^UJI Jl A(I,X) o 

«.Uj -UjI; 


.4j3^k^a]l Jicljall jx)3j3 *♦* 

. {Iq, _,I n } tliVlaJI 4x. j .a > .a «.lb ♦♦♦ 

: Jjt j*j a 1 1 = A(I ; ,a) 41C- Ja.1 o* *♦* 
Actioiti, a] = Sj o 

j A t ^n-N Ij = A(Ij, A) 4-SC. <J£ A=J a* • 
Go7c[/,A] = j o 

: Ij ^ sljia-o A —> ot • 4lC. <J£ (Ja.1 a* • 
: a e Follov(A) J£jJ i> o 

.aj3j— all Jic-^jall A-aj-ia S-ic-lal! f&j ^ k <■ * n~v Actior[i, a] = Rk ■ 


* \. ■■ 


(Syntax Errors) ?LLiyi . o 

j)\ (JaI^j g-U-vvl^ JislL Cjl^Lall AjIj^ ^jIj ^3 cAAvvVl ^j-o 

!(jl gAAvvVl *■. 1>J . ^ 4 A 3 jj-a g-l^vvlj (J.a'vII c_u^jj 

. Ua^JI J• 

. JjUMl JL&iJ 4 cjjuj ^Ac- 4 x^)jujJ Ua^JI • 

. *li*^ U">'v ^iljjl ^-oVi (jjJ AJlxi A^j^Laj Ua^JI ^cALst-J • 
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pLaj 4 _a 1^ pAiiui! p 4 _a p c_P*^ U^" 4-apjII S-llUx-cill g.U- 1 -N.yi 4pLx-a tJa^Jl 

^VWi V g-U-vvl cs^J 4 (*** ^(Ja^*JIj p 4_IapiiA 4_L^ali LjajC. 4 jaIc. 4_L-ali p’l'N.’uJ c^JapiiA 4_L-ali p«ua 
i paLiu^l 4Jjpa spa (pa sa^w^a <jpj p c-Ua^Vl g3& Pia 3 (j^^j c (Jp^.V 1 pLi . pApL*_A] sajxa dilpV 
L_ixj-a]l ^>-0 (J*.~nj Laa c^JaA-all 4 jL p Ale VI pa&A ppj p 4 j 1 Ail ^js-hsi-^aW pAia y p V (Jlil^l pnjuj 

.^^lipl (._ \\^\ (_^3]1 ^l-s^aII A^kjJ ^ "xapl" jpajJaA pIVt 11 0Ap}l ^r Ua^Jl ^.‘U.^ia t—al 

Aie pl*\Ml c_Jaljjjl S^jjJa ^pi djAiVl ^.a! 1 (j-o O^li 4 g.U^~vVl 4 _^JIx_a] SAAxIa CjLi^jj1j!1uj 1 A^kp (JL^. (J^ 

ul^.v i^aUij^i pj^i piii i o_^ p^aAujV i Apji ^c. cy iaa^c. ^ u-oj . c-Lia^yi y* ^j^>" 

pill CiVLJl (_5^J 4 g.U*yvV 1 4_pLx_Aj 4 ajIAa 3 CjLi^jjlpjail SAc. AIUa 4pej . 4 j2jLui 11 £.lixp/U 4_^_uj 

Panic Mode vjU .a 

(_p.A]l P^aj 4 —p/L^. £y Sppl 4 ajIAaj tLo 1 )tn1 41^,'vI^q Ale. tp^-All ^pJ 3! t4_pLx_A]l ^^a JajoijVI 

j! Y Jlc) ^LL* jl Ajlp J£aa pill a^LaVI Cibjull ci^S J\ P-^ >V 1 p3 j^ipi 

^y Iajj aIIaa (j -°_9 .4,\j\vi C$331 (jpjAksiAW ^-Alipl ^ Ip (j_^j pillj (••• u { u p ^i c^d. ,, 

^pill c-l^vvVl ^cjIAj (pij cAAlaLoUJ c_JjLojVI 13a J)Axuj . ^pLoill ( xJaA-a3l 4 jIaj ^-3 U^vs. *^ 2^9 AjA^j AjA^. 

. pi*\3 (J 3 J 1 (J^jAisiaW (_j-a3]l Lojoia pjjjj 4ApJ 4_L-aiLa ^IC- (j^£j l^.jJ-axj 

fUa^VI ^oaS .b 

CjLiAjjl^. ^alAA jjoiIj (_^A^lp3l p 1^.311 AiftH Aixa . g.U^*vVl 0 \Aixj 4JjL^_a CjVI^JI ^jAixj ^a ^_pQJ 

CjVUJI ^yy ^^3 .U-vv 4j\^e AAqjI ^(JjIa^JI bl^aic.jj lv^<oj <Ubj£3j ^ ^pll pi*^311 

UlAi .1 pi^311 Au-ojijl^p. p 9 ^Jj t4pjli CjIjU. (pplll (JjA^. pj -Ic-lpll (JjA^. c-^lh^j tlAlAujjJ ^pill 

4jLk P^. ppAll 4_p)jpk l^ja pjj d ^pxjj pi31 CjVUJI ^apj 1 a] lj La-g . Lo U*vv c_flUi3£l ^jc. pXA 

. ^apj Apjla 

c4xpi 4 jLA. ^ pi^311 4_iAjjlpk 3Uj.fi Jfl ^pill g-U-vvVl ^y AjA*J 1 p ^a ^ja£j 4j1ax11 d3a 4nt>i p VI 
. HlaL^. 6 jjAj (j (_^1 p Laa (^PL^Jl ^jJapl ^)JJp ( 3 ^*^ (j^ P^-sal 4jAjlj pp3 ^a 

flla^SU - 1 C -1 p 5ilual .0 

Ji£.lp iflLjal ^jjc. tplc. 4_^jJalj Spa p^3 (jl^ (Jl"^ 4juLui]l g-U^-vVl £y AjA*J 1 4_plxA lT ^aj 

Uj^y if (Expression) then INST else INST Jio iiLp jjay ^ Jllall .LkkJI 

•I -> if Expression then (Error - No Parenthesis) : Ji» Uai. s^tla 4 iU^I 

AJLula , 1 

. 4 jjjl£jyi AJiill Ac^aa^a i G al-la^LuLi 

T={Verb, Name, who, and} (Terminals) y±\ J\ ^ • 
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o 


:a21i]| fM tpa.1 Verb iiL 

Verb = { loves, follows, slaps, listen to, deranges} 

:UWi ^1 Name ji^L o 
Name={Marc, Brad, Bob, Anne, Sophie} 

• Ig-uij l 4 L.ua ^ s^lj 4 _«ja VI {who, and} j^yll Lkt V • 

:N={P, S, C, R} jaull lift ^4 (Non Terminals) 3 II j^yll J\ tjayi il 

i (Sentence) ALa^Jl P j^jll Jlu • 
s(Subject) (Jc-lill S >jll Jiaj • 
i (Complement) aj C >>jll Jlu • 

.(Subordinates) J^jll R _>jll Ji<u • 

; Jljll ^41 1^4 A^aLaJI 


(1)P 


S verb C 

(2)S 


Name 

(3) C 


Name 

(4) C 


Name R 

(5)R 


who verb C 

(6)R 


R and R 


: AHujVI 


:(JUiVI (j£. ^)liull (jLaju) Ajllill AI4AI Jjlau .Ajp 


1 


« Marc follows Bob who listen to Anne who deranges Brad and who loves Sophie » 

.4_L4.II 0J41 A^aLi. D}4 LrJ _a 


'.11 Ja ^L()J .b 

.ASjLLLdl uX«U *lillj AjjGuII ijjjJl *UJV je. 1^21 
• A^jiLLall dt/GLuallj AjjLjuII AjJ_j* 11 e-lxll j^cuLlll .->11 4 . ’i" G1 
JjAa. ftUj JVU. (j- Gl^aull LL(1) iaxull qa Top-Down Parsing Jjkjll a^jLlu *Luj ^ .a 

.(Production Table oVlilidl Jjj^. J) jdjSlI 
:G2 '.II ^Ac. L-4 (6 Sac-ILH) R S^j^VI S-ic-lall c-ljdd ^jaLu. G LI (jl-L^I 
j ACTION Jjlja. *Uj JVU. t> G2 j=^41 Bottom-Up Parsing J4aj a^jLlw *Luj ^ .a 


.Y 

A 

A 


• GOTO 

:JaJ! 
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« Marc follows Bob who listen to Anne who deranges Brad and who loves Sophie » 


: jicJjjiU (jjjLuy jlslil a jiac. (Jiki 


S Verb C -» 

Marc Verb C~> 

Marc follows C -> 

Marc follows Name R 
Marc follows Bob R -> 

Marc follows Bob who Verb C 
Marc follows Bob who listen to C 
Marc follows Bob who listen to Name R 
Marc follows Bob who listen to Anne R 
Marc follows Bob who listen to Anne R and R -> 

Marc follows Bob who listen to Anne who verb C and R -> 

Marc follows Bob who listen to Anne who deranges C and R 
Marc follows Bob who listen to Anne who deranges Name and R -> 

Marc follows Bob who listen to Anne who deranges Brad and R -> 

Marc follows Bob who listen to Anne who deranges Brad and who Verb C 
Marc follows Bob who listen to Anne who deranges Brad and who loves C 
Marc follows Bob who listen to Anne who deranges Brad and who loves Sophie 

IALg^JI d L >1 A r- (jl 


p-» 


S Verb C -» 

Marc Verb 
Marc follows C 
Marc follows Name R 


• a 


.b 


Marc follows Bob R and R -> i thrall jLg- 41 Uy Ua 
M arc follows Bob who Verb C and R 
Marc follows Bob who listen to C and R -> 

Marc follows Bob who listen to Name and R 
Marc follows Bob who listen to Anne R and R -> 

Marc follows Bob who listen to Anne R and R -> 

Marc follows Bob who listen to Anne who verb C and R 
Marc follows Bob who listen to Anne who deranges C and R -> 

Marc follows Bob who listen to Anne who deranges Name and R 
Marc follows Bob who listen to Anne who deranges Brad and R -> 

Marc follows Bob who listen to Anne who deranges Brad and who Verb C 
Marc follows Bob who listen to Anne who deranges Brad and who loves C 
Marc follows Bob who listen to Anne who deranges Brad and who loves Sophie 




; AjjLuiAI c-ddl JyJaj 
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P —» S Verb C 
S —> Name 
C —» Name I Name R 
R —> R and R I who Verb C 


P —> S Verb C 
S —> Name 
C —» Name I Name R 
R —» who Verb C R' 
R' —»and R R' I e 


P —» S Verb C 
S —» Name 
C —» Name I Name R 
R —> who Verb C R' 
R'->andRR'ls 


* 


jjc-j c-tsdl Jjjlaj 


P —» Name Verb C 
C —> Name I Name R 
R —> who Verb C R' 
R' —»and R R' I e 




P —» Name Verb C 
C —» Name I Name R 
R —> who Verb C R' 
R'->andRR'le 




P —> Name Verb C 
C —» NameC' 
C'^RIe 
R —> who Verb C R' 
R' —»and R R' I 8 




jajll ( _ s -aljj X - l-ijmj (J^ FirSt(X) t—i bu^.l jajflj 


P —> Name Verb C 
NameC' 
C'^RIe 
R —» who Verb C R' 
R'->andRR'le 




First(P) = First (C) = {Name } 
First(C') = {who,e} 

First(R) = {who} 

First (R') = {and,e} 


jajJI X - J-ilmj Jaj (Ja.1 ^j-o FollOW(X) 


P —» Name Verb C 
NameC' 
C'^RIe 
R —» who Verb C R' 
R'->andRR'le 


* 


Folio w(P) = Folio w(R) = Foflow(R') = {$} 
Follow (C) = FoHow( C') = {$, amd} 




iJj-laJI 


p.liu 


f-i 43 



Name 


who 

and 

$ 

p 

P —> Name Verb C 





c 

C —» NameC' 





C' 



C'^R 1 

C' —>s j 

C' —> £ 

R 



R —> who Verb C R' 



R' 




R' —»and RR' 

R'^e 
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jajll G2 jajJI OJ^ 1 

P —> S Verb C 
S —» Name 
C —> Name I Name R 
R —> who Verb C 


- c-ljj SAxux-aII 4-^ojj^jjk 13 UiSj ^J^J L i^ij c.t_±2 

(1) P->S VerbC 

(2) S —> Name 

(3) C —» Name 

(4) C -> Name R 

(5) R —» who Verb C 


>jj S-lrsj AjjI^ujYI SJc-lall P S-lc-ls ji 1 * AaljS la3j e-liij ijuil 


■H 

fP-*«S VerbC 
[S -> •Name 





■oH 

fP->»S VerbC 
[S -> •Name 





I, = {P^S« VerbC} ■*• 




I 3=| 

P —> S Verb • C 
C —> •NarreR 
*Name 





I 5=| 

[C —> Name • 

C—> Name«R 
[r —» *who Verb C 


Ij = A(I 0 , S) = {P -» S • Verb C 
I 2 = A(I 0 , Name) = {S —> Name • 


I 3 =A(I 1 ,Verb) = | 

fP —> S Verb • C 
C —> •Name R 
[C —» •Name 


1 4 =A(I 3 ,C) = {P->S VerbC* 

fC—> Name* 

1 5 = A(I 3 ,Name) = ^C —» Name »R 

[r —» »who Verb C 




1 6 = A(I 5 ,R) = {C->NameR* 

1 7 = A(I 5 , who) = {C —> who • Verb C 


:P 


I 7 = {c -> who • Verb C ■» A(I 7 , Verb) = I 




l^ya JaJjoaj J)>oj X C. 


Follow(X) 
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(1) P—>S VerbC 

(2) S —» Name 

(3) C —» Name 

(4) C Name R 

(5) R —» who Verb C 


* 


Follow(P) = {$} 
Follow (S) = {Verb} 
Follow (C) = {$} 
Follow (R) = {who,$} 


I 4jlij jjiiaj A*J (JjiaJI jjfLj 



ACTION 

GOTO | 

Name 

Verb 

who 

$ 

P 

S 

c 

R 


s2 ; 





1 



1 


S3 







2 


R2 







3 

i S5 






4 


4 



R1 [ 

] R1 





5 



i S7 i 

i R3 j 




j 6 j 

6 



! R4 t 

j R4 j 





7 


S3 
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ctjAl j&i)Yacc/Bison Stjfifi 


4^1^ &\ii ^aJ (^)\ -1*J 4_^_a^l] 4 _LIs t(j£ < pj-axAl 0-oLj^ll (J.a'N.l ^^3jj-£a]l (JjlVtll 4 jbc. j^iaj 
^15 kllli CjLqjjjI CS^-J (Jjl^A c. LlxTicA .IC-L-a (Jjb C5^J J “ :a 4-^jvUl 

LJ3Jj^sj3 £y* ]jIj3c.I lull $.l3jj ^3ll £y± -lJ.l*AI $.l3jj CjLo2wj3xAI \jaa>.sia 

.4xA]| .lC.1^3 J)*vi^ 

I^Lg Bison sbYl (jl^Liil ^3 UNIX 4 xJa 3 l c ±^3 YACC sbl ciulS* 4^3 ^.AA £y* 

4_jjAj-axAl 4x^ll 4 Jl 1] 4_i3jj-£aJl L-flJj-aj3 S_}^3 ^Ac. SbYl &A& ^aj&j .WindOW (J-axAl 4 jjj ^3 (Jxix3] 

\jsli ^ 3 ]I sbYl (Jjxj3j 3 ^3 c^j-aL^. l_aLq (Backus Naur Form) b^-ij 4_^aL^. c_j3 4 Jl1 

LALR Jaxull ^>-0 ^c-U^nll (Jj\*\3ll cJA-<y C 4 _^_^a]| 4xAj .Aj3] l-aLAI 1 A& 

^ya ^jjll I A& Ju lillA] cJjk^l 4 jbc. .'ufln .lie. ^sLjal -l^.lj J)>qj $.^)3 £-a LR ^j-o ^Loixi (JjlVi 

.(LALR: Look Ahead Symbol Left Scanning Rightmost Derivation) 


iif j^Jl J&l jjU) * jj u£J* 4 jjj b 1 

I JbSI l&JI Bison Ljab 4_nj (jj£3 

% 

{ 

Declaration (in C language) of variables, constants, included files, ... 

%} 

Declaration of used lexical units 
Declaration of priorities 
Declaration of types 

%% 

Production Rules & Semantic Actions 

%% 

Useful routines and functions written in C language and main function 


^ji i]Li 4. ^.1 -n \l (Terminals) UIjVl j^°f ^ r ~ j ^ t* * a_a 1L1 jj ^, >rn • 

:aA\A\ Jl^iVl 

%token else : Jj- %token ka^i* ffyi y ^[5 (Lexical Units) cibjioS o 

1 +’, ..., i a’ : cjko 0^3(52 (jjj \g» .>i')j <o 

.“while”, ..., “=+” ijilo 4ic.Ljaxi .>i'i (JL>Lui o 

4^aj^xj ^jc. j 4 fc," (Non Terminals) ^ j )11 ^ i^aLII ^ l j * 

4_3^x-4 jjC. . Qjl a\1 4)^i Uuj>Luj ^jc. SjIjC. cSJc-IaII 14 4jLx 31 jl 4 Auixl]' 4_U^11 

4 jj* l ^>\(j 5 jaj £]1 4 _a^.Vl (J 4 J jjL Bison (jl ^yi . 4 JlH 1 ^3 Ujl^j ) yi £ ^1 CjljjLi£ 
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^sll “if’ AiuIuJ] v iluaj i>ill s^xla ^Jx iW^li 511. IF 3 U . «I I yAy 

. ^Jjl l^Jt a 4_ixljiA]l A ^Jx 

- ^_ya Cjl gjU~H ^ya 4_LgEj yX iyljX ^Aj c3j 3^.ail Jxlyjll * 

Nonterminal: Prodl 
I Prod2 

I Prodn 




c-llij tjj'-v~" AjLulj t_'j'-v~'l \A~ Jic. lAAiiij Jlc-[jfll] iaal^all CjULudl • 

:(s^tLouill t~il_iU.^'1 ^jj 

P : A {printf(“Reduce by A”) ;} 

| S B ‘X’ {printf(“Known Character X”) ;} 

■ -aa]l li ^9 3xLuij yI yAj dlljA^-Vh ^Uldl • 

yyval :^ lJ A*^ AJi. y 

daxull y^s yyi yyval t^IyiAdl (J^ndl jx. a 3I -d' U^lA? 

cjla-d3 return(unit) 3A*j Jt (f)lex si AI _A- eiU y^iaa -^- jAj YYSTYPE 

.yyval (J^xdl ^3 3jy^-o S-yidl &A *l<u 3 y^£j -unit ^a S-yA (y-ic-iyill 

.(iulihll 31UJI AA lWjuj) S-ipAI Sjjia]l 4ji ^jlc. yyval yy^ * 

: ^jx ji.1 Aoj Jl >liLa yyval Anj jjj»~ yAj 

#define YYSTYPE new_Type_in_C 

:JI t' %union a^LuSI fljii-L YYSTYPE i-iil J\ 
%union { 

int Integer; 
double Real; 
char* String; 

} __ 

. AjU- 0 (T uj >^ uj ^ ^ l ^ jl^xl dul^ 31aAixi yy^j ^Ax yyval ^x-aj lA.ijx 

A L *aS9 tAJjjUdl 4_mll j^-g (_J>U. y^s Ia3j*j ^gjll CLjIy&Gll daLaji 3 j3^j y^Xuj Lg ^Ac- CLgjxI 

%token <Integer> NUMBER 
%token <String> IDENT 


aJjxAJ! £j! jltlj (HiLjI yAyij ^VjiSJl m f 


Y ariable/F unction 

>t\Vii ..VI i_ixuajj 

YYACCEPT 

^-ixj 0 4-xuall yyparse Iaa^c. juxj . c-alLL aa\\*~\ 
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YYABORT 

1 4-ajaII yyparse lA-iic* juxj . c_alaj\j ^-gjoij 4-auLu 

Yyparse() 

^.Ic.J lLojI 

main() 

q\ tyyparse() L5 n]l 4 _kaujj]l 

CjI^Ic. JUjujI t_ a\x,s~i ) 

%start non-terminal 

Akjakl Atjll Akk J JjVI SAtlflll Jl SjLiJ 


Reduce/Reduce Shift/Reduce &Xi* . t 

c-jjL>i~ cNk Jt AiUU. (_jaJ J \£S'~'- iA ACTION Jl <JjaJ < ^.1 >.-.ll Jl^ill ajL ac. ajAis Ait 
Jla-ll uj^j ‘Shift/Reduce kai (> JjYI i_jjkkl aJU. J .Reduce/Reduce jl Shift/Reduce 

• . 'j 1 ' ■ >»~\l aJU. ^3 Lai - ^ y l ^i" A 1 j RcdllCC A-kt AjAii ^i J ■ j Shift A-kt Ajfljj I LaA ^)JjLli* ^aLai (_£AtJ]l 
Reduce jkt ^aJj Jail La* Jl ^Atjll <Jkkl jjks tReduce/Reduce kai ^ jliill 

- -a Jl ■ A 

> bison example.y 

conflicts: 6 shift/reduce, 2 reduce/reduce 


I Jlill (Jklllj ^ &AtJ ^_yi ^a-aa^a-all (Jaju ^al (Jk Alkkll &AA £-a BiSOU JiLatJJ 

Atljll Akk. J 'i'ji ^kl SAtlall Jka]l jOk Reduce/Reduce ^jLkill aJU, J • 

- jl - --."<A'V1 A jlac. 1 ^ al-laJlmLi AaiJ 


.Shift Ma-JI Akt Jj.ky Jkkl ^ jaj Shift/Reduce ^jUkll aJU J • 
Ai^a-d —v jkJI jalAiaioili Jk~.l l ikii Ait y.table klall J Bison saIjj J2I JjaJI Jl ^=JI jky 

.dlljjlaAaill (_k Ajik 


Jjjhj JC’ljjUl ljULuzM JjJaj , s 

CjLkaJI tjkaajij A_a^akll A-jS^a kl Atjll ^3 Jaj ^jll ‘ki I. A J c-Jjkaill J£Lk AjAaJI (_k 

I Jlkll Jjiuj ^Jx3 - ill 1(2 L Aaj] AtjiilLa lgjlkia3lj CjLkxil £tak Jjja AjAk ^Ja (AHaj tA-tl>akl 


%left terml term2 
%right term3 
%left term4 
%nonassoc term5 


oJ term5 cAs ‘cs-Ay term3 cA J Jjkj Aj»ja>~i term4 j term2 j terml J Jl jki 

: JkulLi jjt- At J1I (_jAaaj CjLkiaSl c-lktl ^jkj Ik . 'ta-tizai 


%prec terminal-or-lexical-unit 
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JU. ^3 tjlloll 3^^° 4 CjIjjI(J£Lolo 3^* Jaxilll CjLlLjaaVI -IC-LaiJ 

(j^nJ-Vn 4_L^. tb y*j ^1.^"u*iIj A“>a s^oliillj jL^Vrvl c_jjLjaj 
. j)\ »*VrvVl 3 A31 c 3ikj cb 3 *^ ^LiLjas! A s^c-IaII 4_AjJaal dijl^ 13 • 

.^L^VrvV 1 3 A31 c3f^ C5^1 ^j*j <q >" 1 5^c.Ia 1I dijl^j A^jJaaVI (_>^j L<^J 13 • 

. C J*\ i>ti\\ 3 A31 (^±LaJ AaSU • 


* Y o& . 7 

(jyA ^3 UJ-^J d^' aJsI^a 4JlH 4_A2jj-£n]l .Ic^aII LS^ L£jP*VJ BiSOIl SljiV 3^^ aIa L<u2 


i Ix-o 3 b 4 -oKll 3° & 4,3^11 
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(_£l]| JjLoAl J)^ ill ^all^Jj-ulj JJ (j^AJ V ^lll 4_^_A < )l]| CjUlI ^gajU^TV (_JA 4X.j)A^A L*lli& 

L_Jjj£la]I ^CAli^ll JjIjjaj ^)-ujlj-Q Jalijjl Jaijjj ^gajU^rv 4_IaLaiiJj l^_iV 4 4 j*A] 4_i3jj-a]l 3el_^l L-flJj-ajj] gI±a3^JjojI 
^-AniLAI 4 jj|^.VI ^liftj ^^3 t^jSjjA ^jvlC'Vl IV^J V I ^^rsAl V (JIaaII (JjAjuj *4jlA]I &3^J 

Q*~IX,\ ^3^ J^Jj-UA jalJ 4_iC (j_j3 Jja^A ^alJL^J jojI l ii^Aj V L£ £-L£a]| ^J^JjA L_9 Ja3ju^ ^A<QjJI 

. C-fijl^A AAjoAjaJ 33C> £.13^. 4,j\aC ^CA^ £jl 1 ii^Aj V . (4_^A^l]| CjUJ 

4 j\aC 3jAjj 4 4_^_a^I 4Jl1I JjLijuAIj 4L Ti^aII ^_y. ajl11 ^ja Jc^ViUj (^LoAI (J\^.a ^jl) ^V-ill (Jl*\ a!1 j 

CjIj'ac.j CjIjjI^I ^Ac. blA-^1 tillij Jjkoll 4 j\ac 4a3 ^jj (_^A1I C_i9^1l qxSli ^3 ^^AVlil (Jjl VA1 

.4_i3jj-£a]l 0c.1^a1I (_jAjJa l&jlc.3!Lajl ^aJJ 

4l&3c-lj3j 4 ^ajJI 4j*Aj c4_i^.lj ^ja Jajjjj 4 jIaxIIs . ^V-ill (Jj\ Vill ■'uflnl $3 .Wa l_JjAjaIj AJL^la 3a^j V ^LajaC- 

^Ljjolll CjIa^IjLA (^JjALaLuJ CjLLl*_a]I ^_1a] 4-AJAj-aJ AJUjIzj ^2wj1a]I ^aAt/IA 4_J^Lojlj (J^pJ 4_I^.lj ^JA JaJJJJj 

4j\aC« 4-i^.vlj-sa ^ja 4jj1^.1^ Ia £.Ic.3jjaI CjUjI^.VIj 4(l^_ic. ^j>lc.VI -lie. I^JaLail^ CjV^^aII (JAa^ 

.((jjjjJaLjj (jj^nxj (jjj >Ha $.13^. 

(JjVjiSJl Ajjjj uLjxj jL^a . I 

IflBj ^al3Vu^ J lijjjAA 1 ^j3 V^JIaII cll5^ (_£3^l 0 aIj^]| c.ly^.1 4e.j)A~N a 4_ilj (J^^aII lJljjaj (JI^-a 4_ia^pj 

4Jl1 ^a3 4 (j£^.l ^1 4_xA ^ja JU-all IAa ^ i«,A .4ac. ^j>le.Vl -lie. 4J ^ J^el ^ i«,A\l 

jl 4_9j^jla Cj^Via'I fiOA V (j^* 4 ^caIj_^1 4^1^ ^-3 4_^)aj 4^j^jla CjV<)*s.M1 (_j^£j (COBOL) 

^gjoj 4_*J j (Pascal) JI^jIj JIa 4j^a^j cjUJ ^ JjV^a'I ^jc. ^j>lc.yi c£>^j C5 i^I j-LUaII ^ VI 4_^a 

.(C) 

J)^A^)]| (Jj*!?* 4 JjoUJJ CjIjLx.A 4_iij ^JJaII ^Aj-AA ^aJ^JjalJ 4 J_^1 a]I 4jJ jj (JI^a ^3 51c.Loia1] 

4j 4_Laii^All jj-ali*JI iji^j 4_ic. ^j>le.yi -lie (Jj^IaII 4(Symbol Tabic) 

4aIj 3 Oie. - 4J ^-ajujj 4_iij ^1 ^a>aa ^lli^J IA1 -4_ill ^ A~Vn (_^ill ^JoAaIIj 4La'i L^a 

^^a^I (Jj3^. ^11 ^j| —Ia Jj-^a ^jJaljj jj^“A 4 \j\^~j «1^J 4(_^0c.l^flll JjlVill ^\ JV 1^1 (JjI^Uj 

. 4a3 4aI JL^JjojI ^aJ (_§'a1\ QKaII ^3 V _ a^JLAJ ^J^)A (J^JIaII I Aa (_jl (_JA 3£llU 

: 4_i]ti]| CjIajAjla]I ^Ae. 4 ^y^A^ll ^3 J)aj 4_iij (_^i^j 

.(X, y, t) Jj^IaII ^jujI • 

.(^cAI ... 4 33c. 4^rj"\ ks-i 33C-) (J^^aII J^aj • 

.CjXoUaII fi3A JalAilj 1 ^j>IaIxa 33c. 3j3^j ^1a3 4jjI^.I ^je ^j>lc.VI (jl^ cJ^ * 
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4joiAj 4^11 ^4nj (_^HI ^-lajLAI 4 _ajAjl-gj AalgWY 1 (Jj.laAI IA& 3 Ax -‘ a 3 ^-^ 

Jalijjl Ljuj jiajul I n 4 _Lijj^q (Jj!.laAI t^JaAj l^la (J^ Jojjjj (Jj!.laAI ^y> 4x>j)xa~N -a 

4_ic. -^ 2^5 (j-o ^4 _a 1 Jl^jjail Aic.^ 3 ^ l** \^)W ^aJJ bjjp^ I AJUJI ^3 .^ax^ll n 

.JaA3 ^JaA/Al 1 A& (jjiVl C5"^ ^AaliLdl (Jjl-1^» ^ 4 4joiAj ^.JaA/Al J^-aj dj-^- ( 3 ^ 4 4Aa-aj 3-0 ^£til]j 

^Ac. P 0-olj^ 3>-oj-ia (j^nx. A1 n 3 ^-qj (Jjl^a. 3>-o 4£-j-a~N-a Jaljjjl 4-A-a^ ^AAAl (J^xlill ^jJajJ 

• A. 4-^jl^a.Vl 3>-ojJa A2 j A 1 (3p^^ a ! (3A^b^*S Alj^ju ^aJj c4j3 q±£jjus B A 


int i; 


P 


char c; 


int j; 

A 


A 1 

int i; 




A 2 

char c; 


char c; 

B 




int i; 


Char c; 

int j; 


Char c; 


int j; 

int i; 


int i; 


int i; 

char c; 


char c; 


char c; 


^Ac. c_a^)x!Al (_)juiLujj 

(>) A1 AI^VI 
(Ji-Vt J| jftVi 


^ Cj ^Vul l 

<>) B *^yi 

(Ji-Vt Ji ^Sm 


^ic. JjJjjj 

(_ji ClV yaJl a J I 


0-) A2 4^b-V' 

(Ji-Vt J! 


JaLajyi (jA J}4\V) , Y 

3)-o AaLajVl &A& ^Ac. ^jj CjLAaxII 4 a>/> (3-o J^A'n 3^ ( >. V>J iAAa-aia 4 ^jA—a-<AI 4jl1]I CjJ^ La.lic. 

A_A 3 f -A 1 Jaj^nll Jic.lj 3 33^3 l£)^ ^-^-43^ AA 3)-o 3AM 1 I Aa t_ a\Aj . c_a3*-«AI -Ja-a’Al l^.**^g.>Lo c n*v 

(3-o ^.AjA ^-oa. C 4_a^a < )dl 4 JlI (Jio 4xA ^^3 (3^y V 4(JlA-all (Jjajuj .4j*A]I ^Aks-iA 4_AjJjoi-q 3- 0 


4_i^3-o 4_i±±j int d*^* 4jl^C- AjAjj 3 ^-oJ V Ao^ iChar* -Ai^aAl I 4 J CJijA-a 4 LoAjuj £_<a double Aa-aill 

^llujl 3 ^°^ C(JliLdl ci^f^ ‘ ^ ^-o-o ( 33 ^ c 4 jl!]I (_>oftj CjldLasdl (jJaa.j 3^ -StfUCt 

.char Aa^Al 3^ jl double AaJ' 3^ Jj^o int 

^a.V |_9 IajLuj IaIjj^A 4-a2kjd^ 4l^)-a ^3 3 ^A cJj^ • ^ ^AiAl 3 -° 3 ^ 3 ^ cAliA 4 Laj-aC- 

^jiiCLoijj tab [10] Cjljla. 4 _a>*-o (JjAa. 33^ 3^ 4133^-0 ^kjixAJ 3^-oj aiahII Ale. 

. ^ T 4-ojaII i 3I ( x-a tab[i]=10 ^,r^i 3^ IAa 3-ojJa } T 4-<ua]| 4^a I 
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s-ljj! U ^aJJ jy^- Cy* JaLojl L_jLoi^. ^1 C- JaLoj^l £y> (J)£ V)ll 4 _AaC* ^aJJ 

/j/\ l U ~ t. .. .L' djLiLac 

La jliia'il 4_lLaC u-Atuajj 4-jSyiua Sjclij <j^uja - n^'i jl 1 jj^aj (JlfLall (Jjlui ^ix9 


/ -»/rf=E 


if (Id.Compute_type() == E.Compute_type()) 
return true; 

else 

return Error(“lncompatible type”, LineNb); 


. 4j!jLui]I djl clya.*)/ 1 -lliu (_)j3 E J I ^_y> i)S Ld 43^)*-a] ^ Liaj Ijji ^lui L<ua j du 
I^LLa 'Jjj■ >»' 'j ^jjjjjxj £-aa. 4uLa*J 4_uaLi. 4-l3yt^a SjclS ^juuJa ‘ . "Xt jl LiiLaJ La£ 

E -> E + E 

{ 

if ((E (1) .Compute_type() = = integer) && (E (2) .Compute_type() = = integer)) 

E <0, .SetType(integer) 

J_ 

La£) Iflja-liiajj ^3 lj.lC.LuiJ ^-usaljj t flj■ j" U d~, ,1 j_l£a-a 4Jllj JaLajLM j^-l^ cjjjyau 

llfljj] .j_a.LaJI jjc 4_i3ytua]l jcl^li jAiia 4 -^LpIj CjLjjI^c. 1 l^ljjaj 1 ‘j 1 " V"* ij (Lsyt^all jcl^all ^3 (JLaJI 

I (jjjlLill jjll u_ay*j] 1 till j 



a => L e:x 


"t Ja-aill ^ ‘ jli^yi (JjSjj (Left-value) e (JLy ta jLiuJl (j-ada 1 


LajS 4^_uia_jJI ^1*'"..'V1 ClLjll JjSj 4-j]Lj]l 


UUUj l uc 


■UP f. 




jcl^li &3A jcLuj .Jac. JiU ^3 jjl^ La (JjiLaj ^Jj Jaa. ^glcl LS^ Sj^at^all Jaj^)ua]l 

Laj3 . ^atyLall 4_a-ayj jjc Jaujjl uia (Jalajll CjLjj(ya.l jafljj ^3 t^uJalj ci^LuJ 1 ^»i jajj l^acaiU3J 3jc 

;a j. >»1 Ij" Jjjlxjll JaLall t-jluia. Uc(j3 4_liLaLM 


Rule 

Description 

a => L e: int 

Jjijj (Left-value) iy- SjLic e dul£ lil ta jLuJI i>cja 

4_uiil jLcJl jaiia 4j^JCa eH— h ^jl3 tint Jaxuli ^a_5 jLluj^l 

• int Ja-aill ^ 

a => + + e: int 

a => L e : int 

Jjsjj (Left-value) Cf- 1)4^ e '4 ‘a jLcJl ^>^3 

jjajij jLuill ^j-ada jJ^jCa H — he ^j)3 tint -LuaJl ^h*t3 jLiuj^l 

.int Luaill ^ 

a => + + e: int 
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a => el: xl 
a => e2: x2 

xl,x2 e {int, double, float} 

OP £{<,<=,>,>=} _ 

a => el op e2: boolean 


xl daxull (jC' Sjbc. el 4 0 C t j^ L 

x2 j xl t>o eiijl^j x2 Ja-adl ^ SjUc. e2 

j^lc. op ajLc. jjfkj jli float J ‘double ji int Lai 
.ex jUidl boolean Joaill ^ lenses lifla«j t 
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£u.UJ! 

JLa^l ± Ajj 


A h h u^ A fl f 


^Jajjuj^ll 4_An]| &AA (jj^J .AHa^wjj ^jj (_£a1I (_0Aa^a 1I 33 ^ 4_Lajj-uj 4 _iAj ^I.WAaA ^Aj t^kjA-o $.IAj AAc. 

AAc. . 4 _jj~n j. 1) CjLilajt-o 4_nj 4_xjx-^aj 4_i3jj-a]| Ac^y^ ^JlLoj tSAj'^ll Sj^aIi Ia^c-Aj 5^ a A (J^uj ^Ac. 


(jj£j j LA A^LjaVLj A3 aIIj ^ac. 13^3 ^jIaja-<AI t^JjlvAl a_Aac. (jj^A 4_^3jj-a]l ac-I^aII ^.l^Ajl 

^oaljjjl] 43 iaa]| Sj^-uAl Ail^J 1 ^ *<-a jj l net ! i^^-A J t** n-v^ dl^jjl A3 AjjAl OAA £.IAj A iLr. 


.l_LojL1a]I 3^3^ AjIjSj (j^jAj-aAll 


Sj y a'A ili SAac. 4_ilA 


/* types of 

obj ects 

*/ 

typedef enum 

tempObjType { 


DECL 0, 

/* declaration 

*/ 

STMT 0, 

/* statement (no return) 

*/ 

EXP 0, 

/* expression (return) 

*/ 

LIT 0, 

/* literal (constant) 

*/ 

ID 0 

} ObjType; 

/* identifier 

*/ 


AAxll aI .Sj-^AAill dAA l^jlc. (jj^A u' •Aa*-!! (JI^ajjI (_£Aa.j 4_mll 6 ^A 3^.1 (j -0 <3^' cJ^ cJAaj >."n*v 

^jc. SAAxJl ^ixj ^jl (_j^aj Ia£" . 4ja\*v 4_xu1xj ^1 4_3ajjAi 4 _aj 1*A (jgcpVi A_Lia. 3 t CjV^ILq lJl^aA 4 jLc. (_]!Lqj <j! 
C&AL (JAaJ (jl £C-aIA^j] <j^AJ JHAI 3^ Jal C5^*^ • 4_A-ala. aIIuj! CjLAaC.j CjV^Aa C^aJVia ^llxA 


:JU 1 I 



i-iLutaJl 4 -lL i& J-lLU j SjSljJl f tjM m , f 

IS^IaII ^jh n 4_iflj^ (jc. 4_11 xajV1 ^ja 4x>j)^>^ ^^l 3 *■. i>J *3^3 ^ a3jAj $.aJI J^3 

.C 4_*J ^ break 4 _a3*a Jl® 4 aj\jm <ja 3 ®^ aaIaAxA ^I.wAa^I aac. jl ^Lkjl — 

.CjV^vHaII AAc. — 

.S^IaA ^LjaI! j-^.^11 aAc. — 

: ^glll 4jjAj-axAI 4 Jl1]L ^jAiIia Jalijjl 4 _Lijj^q ^3^ C5^1i *>. 1 >3\j <: 'A1 *jjV 1 (jAia.j tilliA 
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?AjA^c- tCjLjjjpVI ^jSaj (Ja — 

? l^xJ-ifiA ^j-GjJa AjS^a ^jjc^ A_aU_a ^iC. Cj^pIiA ^jl 4jjl_pV (jSaj (Ja — 

?4_JjjpVI $.le AiuA Ale CjvUL-aII jJ_pJ ^ajj t fljS — 

(_£a! 1 ^c-ApAI l^j 4_i jAj A-iLoe 4 IjSjaLjA lAj-v^v ^jj ^^All S^SIaII 4_^.Laa jjpA A-iLae (j jSj ^jl L_pj (Ja — 

?£c_ApAll llbJj V 4_Jl 4 -AaC. ^al 4Aj-aU CjLuIxj ^Ia^ILjjIj AjjAa^a'I AJlIIL ^- 4 ^ 

?4U|pVl s-le AAujI $.l^AlV 1 Ale 4A_jj|pl £_Li£a ^ojJa Appall Aj\*s.a11 CjV^HaII ^u^a Lc — 

: I^aUjL A-Appll 4 -AaC. ^aJJ ^^lll AJlAIIj ^aUaillj J^L.Tl (_£pl AALaI 5-lC- App IaS 

?S^SIa]| 3 ^"^* '^ c ' (J ^ 3 ^A U — 

?S)S1 a]1 ^ SpliA Igll^le (jSaj ClLLSIl ^A La — 

?5)joiIia]I AAjAxA] aAjL S^Sl All t^yi ^JaliLaj CjLLS ^Aj CjLuIaj ^A Ia — 

?4i^ixAl 4 jLe JajjjjJa ^A La — 

a!1 S^SIaII (Jjiuoull ^Ual iLa^oe . S^SIAll ^jJVn 4 jLe AjLLJI aAAjojVI ^ic- CjLU.V 1 jjJj 

I 4jjoj1_ojI J^LLa £ 


^eallpl 


a r 


4>aJI jLajII 


4a£luj lj! \ht a 


^C-v 


c^y 


4aW\* 




^aJJ 4 jtajll AjjjJ Alej till 4A.xpjAl 1 4As±jyA AIa IAjj^xa CjIjLix.aII jia*J ! ALSLuJI Ljljllf all 4fill 14 ~ 

^jjpAl 4_x-aj-a^-A]l (jSUVl i> jAj S^SIaII ^)-c IftLuj SAW a (jSLa! ^3 ^Ajpjj (j^Lal J )>^\ CjLuIaj AjLS 
4Ap>A AIa ^ iSLal Jp~s. CjLajAxj AjIjj j^ya AeLoJ Lia t(Stcltic) A-lSLu Ia^C-A j ^Ull CjIjLixaII 

. jLcjl! Aj]jj A^ikjlAl 

aI .l^j ^jAj ^1 CjIjIac.j ^Ic-ALujI CjIjIac. SjIaL ^-ajujj ^jjjA^a ^Aj • — 

j ^Lo^l lAA 4 A_aj|^I ^Ic.ALjjI Ale. _)Laj AjIj^j jujJ Aj-aL^. CjLAI tdiVVl ^Ja-v 

. ^.Ic.AL ujVI Ale. AAlU. AjAlelj 4 AaJ->1a 11 fiAA ^AjJa c-lc.AL ujVL ^ala (_^a1! aJI^. Jafl^J 

I^a-n'v ^aJJ >>" n*s.j 4 Aj^jaLIjA CjV^IaS A^)x-a1I CjV^JIaII A_i3 (_£^J L^aII ^jI£!a]I jAj — 

1a3j ^(JjA-AlAI aJVI c^ 3 (j -0 ^B^IaI ^aJJj .^-ujjjII A^J-iIa ^jaAoj AaLiIaII fiAA ^AjJa A^ifi nil ^.lljl 

CjV^IaII A_pk.vL-a c-l^All Ale 5jj)~^ ^a!1 CjI^LolaII jj^pA3 CjIj\ao A^vgn ^Ae LA AaAxj Aj-aLk CjLAV 

US . L-JjjSaII LL^^ Iaa^iAj (jl (. _ Aj-aL. CjLuIxj ^jUaAll ^Ae 4 CAUUlaA fiA^J Aj-aUJI 

l^a CjULaaII J)~n~v a.jIac aAUL ^_ajujj ^jA^n CjLAI (3^j a»^j.^~^a11 a_^.Uia]I SjIaI a_Aaxj aAVI 

. L>*^L AAjIa S^p. 5pS CjUUla ii _ 5 Ae UjIa Jalfl^Alj 


61 



jXlill A-iJ jLainjoil Jl tAjilalaj Ajj-iaLij jjjI* 3 ^jS i_jLoia AjLaC. SjIaY ^-Llaj 4 (Jjiui La (J£l AjLkAaL/L) 

CjLijlial jLajiaiL/ A_a.La_i Ujl La-o I (J_j-^a_j]l (Jj 3 jjjlsCil] Ajla^all 

4 _iLa" CjLj]I -A ‘ '** o—iLols. CjIj'oc. Ajo-._i _jaj ^gAc- e-Lij (A) 1 -’J**r A-iJ ^3 IajpajiY jj 

; L^J>Li. ^yi CjL/L/ 1 1 jgla^aj A * JU-all 

.(Stack Machine) ^^all oL aJYI ^ 4_jL^JI aJI - 

.(Register Machine) ciDU^JI cjIL aWI ^ QjjijJL i_iLa=JI aJI - 

(jjiAl^a dllj All A_lij _L, o~~-,U Jjjajxiiaiai 1 * Ija. -J ^jAllLj]! jjJLLall ^3 (jjolYI (jAJ (Jjjflll ^ Ljajl (j^aJ jalc. (J^auJ 

. ^jySLd ^3 l ^ aAaJlaaluj A j. >>lj"aV I A_UI ^jc. .lie. 1 - -^aL ^9 


:^JLill j;~.all ^jic. 4 ~ iH -a, - dili aJLi x+y AjLulj ^j-aLi. jLaj (jj& 


STORE Rix ^ 
LOAD Ri x 
STORE Rjy -> 
LOAD Rj y -> 
ADD Ri Rj -> 


Let the value of register i be stored at address x 

Fetch the value of x, place it in register i 

Let the value of register j be stored at address y 

Fetch the value of y, place it in register j 

Fetch the value of register j, add it to the value in register i 


•cr^i ur*- 0 “- 






STORE x 
STORE y 
LOAD x 
LOADy 
ADD 


-> Store the value of x at address x 
-> Store the value of y at address y 
-> Fetch the value from address x, push it on to the stack 
Fetch the value from address y, push it on to the stack 
-> Replace the top two values on the stack by their sum 


CjLuIxjJJ JjLUI JLajJl _L Jjj . r 


Aja. i **i1 xold]' Cy> ^aLol A_S1 AJlLj aAlljj 1 ^jL^)]l 412 u> ^JLill (JjAa. 13 




AjjAi^all AJlULi Aja^jaII A ajWlll 

AJSI A*L A j-v aj ai A ajWlll 

execute( C1;C2) 

execute( Cl ); executed Cl ) 

execute( if E then Cl else C2 ) 

evaluate E 

JUMPIF(O) g 
, execute Cl 

JUMP h 

\ g: execute Cl 
h: 


i JUMP h 

execute ( while E do C ) 

\ g: execute C 


\ h: evaluate E 


l JUMPIF(l) g 
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g: evaluate £ 

JUMPFALSE/t 
execute C 

JUMP g 

h: 

execute( repeat C until E ) 

g: execute C 
evaluate E 
\ JUMP1F( 1) g 

execute(I := E) 

1 evaluate E 

; assign / 

execute( L (A)) 

i pass-args A 

CALL p 

[ /* p = address of routine L *1 

pass-args(E) 

pass-args(@V) 

i evcduate(E) 

fetch_Address(V) 

fetch{ I) 

i address(I) 

assign( /) 

1 STORE address(I) 

evaluate ( £1 op £2 ) 

evaluate( El ) 
evaluate( E2 ) 
op 


<11*91 .i 

-llfijj 4JVI c^vL^Jjoil C_ JSjiVl ^Jl (S-L& ^y^al^Q jlcj ^Ac- 11 ^ 411*71 ULot jc.Ua 

Ut^Ja . Jlajll jl Y~i 4 -AaC- 4ja.lj ^_yi jl S^ga. ^ a]' Sg£lj ^ t ojq-n." 4ja.lj c-I^juj l ^ r - _)L*gll 

1* £3jj llgU-* L* .la. ^11 4_i>jjj 4jLax3\j 4_jL*gll ^]l ■ ^ '••. 1 l^jS ^j^sj ^11 ^)H*V 1 lig*-* _}'Z >*11 (_}**] 

ll^J ^jl ^j^xy ^11 411*7 1 CjLAaC. ^&1 ^ja . fic-Uaa.1 \ v>w ~^g 0^)X*]l 

4_aajjll QA Ijliicl 4J u lg]| ^lall ( jlc- iliLilaJill jxlUa liijj m g 

ijllo .^4j) (jjj I 4 J 4_^alaJI t. il . -V 11 S^li e-Lij 4l4-ill ^jlc. t~ il A. .-V" Ajijj (Jlalj 


A=2+3+A+C; -» A=5+A+C; 


PI=3.14; 

D=PP180; -» D=3.14/180; 


;<E A " jjC *1LiL*xAI 1 ° A ,f) 

x=x+0; 

x=x*l; 
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^Luult Ajsaiu juj 

^3 y X ]a (_j3ajjxij (i) XI—y ^c-uall 4^uixj ^)xuj jjc. jLJI y - 1 Ujajl j^xy 

I 111 ]afl3j 111 ^c-aljjl jxs p x\ lio\ (J£ 
.p 3 U',» (JjS X (JjaJLail i_AJjxj]l (i) 4x>j'»~i't dljl£ • 

.y (Jj^lxill Jc. I .i^jj V (cAalaJI lilli J Lsj) p Jl (i) jx> jLolo JJ jx> • 


4£jjAaII jjjIsliII uLui^ ,c 

: &cy<y a |_jj3] j£l] t(JliLa]| (Jjiuj ^Jx3 .JaA3 53^1^ Sj l ^yaxJ L-jUx^v ^3 laJ ^Jlj 


a:=b+c; 

b:=a-d; 

c:=b+c; 

d:=a-d; 


I Jj La^ £jJI jj l»~l'l L—lLota. jl - xia ' llj^aj 4 j 1 cj £jJlj ^JUI j^)Jjl IjA £CjJa[jj! jx> 



.^jllll jj i»~i'l ^3 jjxjj b jY 4_xud1 (jUxaa^j V lLiMIIj JjYI jjjjl Jl aliijYI j-laj IjA 

: Jhll Jlldl aJ^Xo UJ U£xy 


t3:=4*i; 

x:=a[t3]; 

t4:=4*I; 

a[t4]:=y; 


t3 c-LLYIj t4 ^ Vwj US ^-ax*jj Laa ajIUIq t4^ t3 (j-® cJ^S.(jl 

i^gJUll (J^iSI jUajSl 



Sjy AilU 4 _Ua1aS 1 4-SaJjuj^SI 4_mSI ^LoJC-VI l T^Laj . CjYUUI aA5> Ai W"n US ^-gjujj 4_aIc. 4_JY ^U^j c LajaC. 

I jjjlxIiSI ^Ijjl J)JJa“i UVyaj hjy Aill ^joia (J>1_^. j_ja3 . 4_iSY 1 aAA ^3 ^ja ^XaVA 
^aJ JU. ^ B J-IoAa (JAjJa L-Jj)*,*l*\ A 4 il (x Op y) jjmuSI (jf~ J 3 U :^Jaia (jAua jjjbuSI — 

."Ufl nl . ^-9 y J x (JA (J£S lJUjaj (_^l c^SUa (jfU ^aJ (j-a (jAj B £-UaaS1 ^.9 4jU*i*\j 4_ajj5j 

:4_JU1I AaAjjl^JI ^aA^ILaij 
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:B JaiLdl qau a all jojUISI Jjiau 4j-ajjU 

: Wl J 3 JLl Prod(B) o 
B J (x:= y op z) L)- 0 o 

Prod(B) Jl (y op z) jA*jJI UljJ ■ 

• Prod(B) tj-a X 4 j3 jjjxj l 5' ‘—aia.l ■ 


a:=b+c; 

b:=a-d; 

c:=b+c; 

d:=a-d; 


iJaiLdl ^j-a 


I Jj La Jl iSjUdl 3jfljj (_£3jj 


Instruction 

Bloc 


Empty 

a:=b+c 

b+c 

e:=a+d 

b+c, a+d 

b:=a-d 

a+d, a-d 

c:=b+c 

a+d, a-d 

d:=a-d 

Empty 


^ (_JLi. B JaJLa d^3 ^)-a 1 aj-, „ 4_j| (x Op y) ^jc- I JaA-a (JAuS a\ ^j W a \\ jjjLLiJl 


~•w~.,. , i iil]j jjajjl ,4jjLi S^a ^jjjLjJ! jl." jj n~" Aiajj S-ilc-l B ^laiLdl J y j x 1 —S-ilc-l 


lAJlllI A^ajjJJI 


:B jJa&dl (jAua 43j.li.aJI jojIaIJI Jjlsu 4-xajjl^k 

j^aljjl jjjLu Ar-j*-*. * U O 

4j|.l3l ^3 4-llLi. JjJj B ja. >. 43j 1^1 a\l JJjLaCi]l a Slipp(B) O 

(a_Jjjjjlli) B Jaidl J (x:= y op z) JJJ*j J+l l>“ o 
J aiail J LLi.L/ 4-l j i. u^ .a tjj£j VI -2a>aaJ X t_S+^ jijj U J JJjl*jil Slipp(B) Jl 


: Jlia 




U={ 4*i, j+3, j+4, 2*j, t[k], a-1, tl-7, m+1, m-1, t[a], 2*a, 1*3} 


: Jhll B JaLdl M 

t:=n-l; 
i:=m+l; 
j :=t[a]; 
k:=2*a; 
t2 :=1*3 ; 
t3 :=2*j ; 
k:=t[kj ; 
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•(_s4) 4> 3SjL4l A_Lajjl^aJl 3j«jj (_£3jj 


Supp(B)=Empty 

Supp(B)={tl-7} 

Supp(B)={tl-7, 4*i} 
Supp(B)={tl-7, 4*1, j+3, j+4} 
Supp(B)={tl-7, 4*1, j+3, j+4} 
Supp(B)={tl-7, 4*1, j+3, j+4} 
Supp(B)={tl-7, 4*1, j+3, j+4} 
Supp(B)={tl-7, 4*1, j+3, j+4, t[k]} 


Jja p a laaj , ,+l' (Jjli Aji (x op y) jj( jc. (Jjfij •1 ALlail jj. 1 '*"" AjAxi — 

laj A-alAaAxal^ A <m£lj p A AjIaj L+ 1 3^ dlll^ ^3 

lilli Ajfljjl .y Aau3 ^jic. ji X A-aj3 ^jic. aLLjJ AjiaC. (_gl Cjlj4iUill jLous (_gl ^3 Aj alAaHml A*J 


• .1 <A~, „Mt Aijljiil jjjLjuII AlAaj A-iaJjlji 

B xlaiLa]! ^3 33^"4I 3 a 9 Ale. , .+1 \ A_hliiil A a Ill(B) ^ .aj.,n\ . ^ 

. B ^aAall jxj aLIaII 4-c.E x(B) 

•Supp(B) j Prod(B) B cJ^J ^ u * iV^ . T 

In(B)=Empty; Ex(B)=Prod(B) .V 
B (jc- c Bi j-Lafl-a (J^ (J^.1 ^j- 0 • £ 
Ex(Bi)=U-Supp(Bi) ■ 

CjIjjjaj a*j V B (jp- <- a Bi Cy • ^ 

In(Bi) = P)Ex(P) ■ 

PePredecessor(Bi) 

Ex(Bi) = Prod(Bi) u (In(Bi) - Supp(Bi)) ■ 


U={el,e2,e3,e4,e5,e6,e7,e8} 


:Jll« 


(el) 

t3: 

=m-1; 

(e2) 

t4: 

=m+n; 

(e3) 

k:= 

=a+l; 

(e4) 

a 

=ul ; 

(e5) 

e :: 

=2*c ; 

(e6) 

tl 

:=tl+l ; 

(e7) 

t2 

:=t2-l ; 

(e8) 

a 

=u2 ; 


:}Y AiJIj £-laiLa (J£] Supp J Prod l—lluia.] ^-laiLa 3^ 3=4 ^ 
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Bloc 

Prod 

Supp 

B1 

el,e2,e4,e5 

e6,e7,e3 

B2 

e5,e3 

e6,e7 

B3 

e8,e2 

e3,e5 

B4 

el,e3 

e6,e5 


( £ ) .Hill J^nJadj .^lajlxi (2^.1 i_y* 4jj|3jjV 1 4_S1_^JI ^3 Ex J III c_jLul^j ^JLa] 

:4j- 2 (jj£ja t^LLa J^c. 


Bloc 

In 

Ex 

B1 


el,e2,e4,e5 

B2 


el,e2,e3,e4,e5,e8 

B3 


el,e2,e4,e6,e7,e8 

B4 


el,e2,e3,e4,e7,e8 


:(o) Jlu]| JJ\ jJajl 


Bloc 

In 

Ex 

B1 

Empty 

el,e2,e4,e5 

B2 

el,e2,e4 

el,e2,e3,e4,e5 

B3 

el,e2,e3,e4,e5 

el,e2,e4,e8 

B4 

el,e2,e3,e4,e5 

el,e2,e3,e4 


:4_aUJI 4£)Iuu4l jjjUI!I ■ a "»■ 4_wJj!jk — 

(^Ic. ji y ^Jc. (Jja» 3 I B jJaiall ^ [(i) x:=y op z] ^ kVwu i^U A-Lll 4..a 'Wi Ja.1 ^ 

:B ^ (i) Jj5 z 

Sja^ ■" dlljLuj-a ^3 (y Op Z) jj^ ia CjVla ^)al (j£- dlajl ■ 

• B ^ Ug^U ^£3jj 0-alj^Jl 

. U -la-la (J^aUxs 3lj ■ 

.[u:=y op z; w:=u;] ^ja^Wj [w:=y op z] 4 JU. J£ Jaj ■ 

• [(i) x:=u] j*r. u«-i~i n-yi (i) 4-ajlxlll (J^j ■ 
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